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ABSTRACT 
This study attempts to describe and analyse input-output 
relationships on Philippine corn farms by fitting the Cobb-Douglas 
production function to survey data of 1,427 farm enterprises 
onumeratod from nine nolocted corn-growing regions for crop year 
1972-73. 
The functional form of t}ie economic model is specified as: that 
the gross output of a corn enterprise (measured in cavan or sack of 
57 kilograms) is a function of land area (measured in hectare), man-
labour (measured in man-days), capital services (measured in pesos), 
amount of fertilizer applied (measured in kilograms), and quantity of 
seeds used (measured in cavan). The model is modified to include the 
effects of farm location (province), cropping season, and time of 
planting. The latter group of variables are represented by dummies 
in the estimation. 
The coefficients representing such factors like location, 
cropping season and time of planting are reflective of the relative 
productivity of provinces (seasons, time) within a region (all 
seasons, all times of planting). On the basis of their corresponding 
coefficients, a number of provinces appeared inherently more 
suitable to the production of the crop. The contribution of cropping 
seasons and planting time to the variability of farm output is 
found to be important for some corn-growing areas. 
The average production functions estimated for each region are 
used as bases for calculating the marginal physical products (MPPs) 
and marginal returns to factors of production. The results of the 
calculation shows that a widespread misallocation of inputs existed 
among smallholder corn farms. The marginal returns to land are 
found substantially higher than their corresponding land rent per 
hectare. Rather than argue that land is under-utilised, it is felt 
more strongly that the current land rent does not reflect the true 
(xi) 
market value of land. The labour input, on the other hand, appears to 
have been over-utilised in eight out of nine regions. The over-
utilisation of this resource is indicated by the negative net MVPs obtained 
while assuming that the prevailing wage rates for each region represent 
the competitive price of this factor. Thus, it is asserted that 
labour surplus exists and that this input is redundantly used in 
corn production. To attain the optimum use of labour, the indicated 
readjustment of resources tends to reduce this input sizably from the 
current level. 
Capital services are, probably, under-utilised as reflected in 
the magnitude of the positive net MVPs estimated for this input. In 
some regions, however, the production elasticity for capital is found 
to be negative. This is felt to be due to measurement errors as certain 
forms of capital assets may have been enumerated in some farms although 
such items are not actually used. 
Fertilizer is severely under-utilised in most regions although it 
is more extensively applied in the Mindanao areas. To optimise the 
use of fertilizer and thus maximise the returns to this input, it is 
suggested that much higher levels than the current rate would be 
required. 
The rate of seeding appears to have been under-estimated by corn 
farmers. The sizable magnitude of the net MVPs estimated for the 
seed input indicates that seed is under-utilised. 
Constant returns to scale are indicated for Central Visayas, 
Eastern Visayas, Northern Mindanao, and Southern Mindanao regions. 
Decreasing returns to scale quite strongly describe corn production 
in Cagayan Valley, Bicol, Western Visayas, and VIestern Mindanao. 
It is only in Northeastern Mindanao where increasing returns to 
scale is indicated. 
An investigation of the economic efficiency of two major 
compositions of man-labour inputs is pursued in the Visayas and 
Mindanao regions. The results show that while family labour is an 
(xi.i) 
important factor in corn production, it is excessively utilised. The 
contribution of hired labour to the variability in corn output is highly 
significant but this type of labour is not used efficiently as well. 
There is a bias felt to have been introduced by the errors of 
measurement of the labour input in this study so that the estimation 
of marginal productivity and/or marginal returns of this particular 
input may not be a true reflection of its efficiency. Furthermore, 
this study would hesitate to prescribe policies on the basis of what 
has been so far shown by these results without first pursuing further 
investigations of more localised corn-producing areas or provinces. 
It is felt that because of the apparently significant differences of 
marginal productivities arising from significant locational and/or 
seasonal variations, it is only appropriate that policies must come down 
to the-provincial level rather than on a regional basis. 
Further analyses of fertilizer usage in the Mindanao regions 
reveal that where this input is applied, the yield or production 
per hectare is found to be substantially greater than where it is not 
used. Then, on the basis of the average production function derived 
for each group of farmers (i.e. fertilizer-users' group and non-users' 
group) the technical efficiencies of farmers are evaluated. 
Such analyses of technical efficiency based on the average 
production function can be adopted to separate the relatively 
efficient producers from the relatively inefficient farmers. Extension 
programs may yet prove more effective utilising the techniques of 
efficient corn farmers thus identified. 
For future surveys, this study recommends a somewhat more 
detailed collection of data, the proper stratification of farming 
areas (in terms of physical and seasonal factors) and collection of 
farm specific price information both for factors of production and 
output. Furthermore, a time series type of data gathering is 
suggested to allow for variations due to unpredictable factors that 
may affect the industry during any particular year if further analyses 
of this type are to be attempted with the intention of arriving at 
policy conclusions. 
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CHAPTER 1 
INTRODUCTION 
1.1 Importance of corn as human food and as livestock feeds 
Corn is second to rice as the most important cereal consumed 
in the Philippines. Approximately 21 percent of the population eat 
corn in lieu of rice. The eastern and central Visayas provinces, 
Cagayan Valley, and some places in Mindanao are among the areas where 
farm families normally prefer corn to rice in their diet. 
As human food, corn is consiimed in various forms such as corn 
grits, green corn, canned sweet corn, corn flakes, food shortening, 
syrup, pop corn and bakery products. 
The nutritive value of cooked corn can be compared to that of 
rice and sweet potatoes. Corn contains as much carbohydrate as rice 
and sweet potato and a relatively large amount of protein. One ear 
of cooked corn contains 11.1 percent RDA^ of protein; a cup of rice 
contains 9.8 percent RDA; while a serving of sweet potato contains an 
average of 1.5 percent RDA (Onate, 1971). 
The total protein fractions of dry corn grain range from 7 to 13 
percent. As well, corn is a fair source of phosphorous although low 
in calciiim and iron content. Vitamin A which is not found in rice and 
white corn is contained in yellow corn in an exceptionally large 
amount (Onate, 1971). 
Perhaps more important than as human food is the fact that corn 
is a major component for livestock and poultry feeds. For various 
feed formulations corn grain products such as bran, gluten feed, 
gluten meal, oil meal and germ meal are important ingredients. For 
^ Recommended daily allowance from the requirement of a moderately 
active woman weighing about 45 kilograms. 
instance, it is recommended that good feed mixtures for poultry and 
swine should contain about 50 percent and 35 percent corn, respectively 
(Coligado, 1971). 
In the Philippines, about 50 percent of mixed feed produced uses 
corn or sorghum. The animal industry prefers yellow corn for feed 
mixing but production is much less than the requirement. Actually, 
corn yields in the Philippines have remained static as far back as 
the 1940's (See Table 1). True enough, estimates of the average 
national yield rose by one or two sacks^ from 1957 but such increase 
does not mean much in terms of the income that such an increment 
provides to a farm family whose landholding is even less than two 
hectares in size. 
1.2 Recent efforts to raise corn output 
In an effort to step-up corn output as well as the 
production of other feed grains in the Philippines a program known as 
the Feed Grains and White Corn Program was launched in 1971-72 jointly 
by the government and private entities directly concerned with feed 
grains. 
The foremost objective of the Program was to select "priority" 
provinces comprised largely of the major corn-producing and 
consuming areas. Sometime later during 1972, in order to facilitate 
the multiplication of improved seeds and to speed up its distribution, 
some modifications were introduced into the Program. These included, 
among other things, the production of registered seeds in government 
and private experiment stations and the development of a system through 
which registered seeds could be made available to farmer cooperators. 
1.3 Implication of policies in terms of the economic alternatives 
to promote the industry 
This paper does not primarily aim to evaluate the impact of 
that Program, realizing that this may be premature at this stage. 
^ A sack is equivalent to 57 kilograms of dried corn grains. 
TABLE 1 
CORN AREA AND PRODUCTION, PHILIPPINES, 1946-1973 
Crop Year 
ending 
June 30 
Area Total Production 
Production 
per hectare 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
thousand 
hectares 
571.1 
812.3 
826.5 
866.2 
909.0 
953.2 
1,044.0 
1,101.2 
1,120.0 
1.388.4 
1,674.8 
1,786.8 
1,380.6 
2.107.0 
1.845.5 
2,045.5 
2.016.3 
1.949.5 
1.897.6 
1.922.8 
2.106.1 
2.158.0 
2.247.9 
2.256.1 
2.419.6 
2.392.2 
2.431.7 
2.325.4 
million 
sacks 
5.81 
8.28 
9.11 
9.37 
10.07 
10.58 
13.37 
12.45 
13.70 
13.51 
15.92 
15.71 
14.95 
17.82 
20.44 
21.22 
22.22 
22.33 
22.68 
23.03 
24.21 
26.14 
28.41 
30.40 
35.23 
35.18 
35.31 
32.12 
sack 
10.17 
10.19 
11.01 
10.81 
11.07 
11.10 
12.80 
11.30 
12.23 
9.73 
9.50 
8.79 
10.82 
8.45 
11.07 
10.37 
11.01 
11.45 
11.95 
11.97 
11.49 
12.11 
12.63 
13.47 
14.56 
14.70 
14.52 
13.81 
Source of data: Bureau of Agricultural Economics (1974) , 
Quezon City 
Rather, it attempts to provide a cross-sectional economic analysis of 
corn-growing to the end of identifying the way in which corn yields vary 
with farm inputs in different parts of the country and hence the 
possibilities for using inputs more profitably and efficiently. 
The economic theory of production has often been used as a tool in 
the analysis of economic development. The relevant question asked is how 
to increase output per unit of input. The conceptual alternatives, as 
Yotopoulos (1968) put it, are (1) changing the production surface or 
(2) reorganizing productive inputs within a given production possibility 
surface. Moving the production function means changing the parameters 
of the function, usually by introducing new kinds of inputs of 
production. A convenient label for such changes is "technological 
change". 
The problem of static corn output in the Philippines is often 
blamed upon the deficiencies in the first of the above-stated production 
alternatives, i.e. a deficiency in technology. This is the main 
argument that has, in fact, formed the basis of most recent policies for 
grain production in the Philippines. 
However, technological change is not achieved without cost and 
while the adoption of the new technology is generally considered slow 
in less developed countries, in an agricultural economy whose 
production units are so small and so traditional, stimulating 
individual farmers to the idea of the modern technology requires not 
only huge governmental support but considerable patience as well. 
Moreover, what can be even more distressing than inefficiency under 
traditional methods is when the sources are inefficiently allocated 
under new technology or misused so that outputs do not increase even 
though costs are higher. For instance. Barker (1969) noted that whereas 
a total of ?44,541,000 worth of fertilizer was distributed under the 
fertilizer subsidy program between 1958/59 and 1963/64, it was estimated 
that more than 50 percent of the fertilizer intended for rice and 
corn producer was diverted or resold for use on sugar cane or other 
crops. 
Given the current production process, i.e. putting aside 
technological change, output per unit of input may be increased by 
improving the efficiency with which the existing inputs are allocated. 
If such reshuffling of resources is possible, achieving allocative 
efficiency through the proper utilization of existing resources 
represents a less costly way of obtaining growth. It then becomes 
relevant to ask how widespread is the misallocation of resources and, 
if it exists, what are the reasons for such misallocation. 
1.4 A comment on previous studies of corn in the Philippines 
A number of economic studies and related researches on corn, 
including those dealing with its biological and agronomic features, have 
been done in the Philippines. However, most economic investigations 
have been highly localized as projects of this nature are relatively 
much constrained by the financial limitations of both government and 
private entities doing the research. Hence, for purposes of national 
policies, findings from these studies are of very limited application. 
There have been some production response studies such as those of 
Vellegas (1970) and of Barile and Yadao (1973). Their researches were 
aimed primarily at finding the effect of fertilizer elements on corn 
yield. Investigations of this nature have been mostly confined to 
experiment stations and/or field plots where other variables effecting 
corn output could be controlled. Results of studies of this type tend to 
be substantially different if not totally unrealistic, when viewed in 
light of actual farm conditions. This is so since the conditions under 
which "plot" experiments are conducted cannot be duplicated or are 
hardly obtained proportionately as field sizes expand, as input 
requirements increase or as soil types vary (Davidson and Martin, 1968). 
Particularly with regard to fertilizer, the procurement of this input 
is usually severely constrained by the small farmers' financial 
resources as well as by the fact that complementary inputs like 
irrigation water are not generally available when farmers need them. 
The variability of soil types, rainfall, and other physical 
factors within and among corn-growing regions of the country create 
some difficulties for the government to recommend measures that suit 
local requirements on a short-term basis. The inability of farmers 
and local leaders to understand national policies that relate to 
projects which require priorities usually creates confusion and leads 
to the allocation of financial and manpower resources thinly spread 
over the priority and non-priority areas. 
1.5 Objectives of the present study 
This study is an attempt to describe and analyse input-output 
relationships on Philippine corn farms as revealed by a farm survey of 
1,427 farms^ during the first half of the crop year 1973 in 9 agricultural 
regions. 
The analysis is concerned with the way in which input-output 
relationships vary with (i) region (ii) farm size (iii) technology 
(iv) labour composition (v) cropping season, and (vi) planting periods. 
It is around these factors that agricultural policy for the corn-
growing sector is being formulated and it is important that policy 
makers should be aware of the economic and technological implications 
of their decisions. 
More specifically, the objectives of the study are: 
1) To provide general estimates of the marginal value 
productivities of resources on smallholder corn farms, 
2) To compare input-output relationships on corn farms with 
different total labour supplies and differing compositions 
of labour supply, i.e. different with respect to the 
balance between family and hired labour, 
3) To compare input-output relationships on efficient-
but-traditional technoloi^y farms with farms using 
innovative fertilizer technology, and 
4) To discuss policy for control of corn production in 
the Philippines with special reference to the findings 
of this study. 
^ The term "corn farm" as used in the survey refers to a single crop 
enterprise, corn (maize), grown in an area of at least 0.01 hectare. 
Such a farm might in addition grow vegetables or other cereal crops. 
1.6 Elaboration of objectives 
Objective 1 attempts to examine the profitability with which 
various forms of inputs are utilized in corn production in the 
Philippines. Such examination should be able to determine the optimum 
level of resource use and the degree to which corn farms deviate from 
it. There are several policy areas to which the result of this analysis 
could contribute significantly. One of which would be the 11-year old 
land reform program^ which aims "to establish owner-cultivatorship and 
the economic family-size farms as the basis of Philippine agriculture". 
Whereas the implementation of the program is being vigorously pursued, 
the technicalities involved in the determination of the optimum size 
farms for all types of crop farms have not yet been finally settled. 
The need is there too to determine the amount of capital a farmer 
requires for the efficisnt operation of his landholding. This is a 
question for a credit program which has yet to be properly designed. 
On the basis of the average production function, the marginal 
returns to factors of production can be calculated. These marginal 
returns will be compared with their corresponding input prices. It 
will be assumed that factor price ratios are similar and production 
functions are identical for all farms in a given region. The result 
of this analysis should indicate the efficiency with which resources 
are allocated in smallholder corn farms in different regions. Hopefully, 
the information obtained may provide some yardsticks and direction to 
extension agencies dealing with recommendations on the intensity of 
factor usage. 
Perhaps more specifically, the marginal product of labour when 
compared with the wage rate can suggest how relevant the current 
minimum wage rate is as it applies to agricultural workers in various 
types of farm holdings and agricultural regions. 
The information obtained should also provide some insights on an 
alternative policy that would, in principle, specifically deal with 
the resource requirements of different regions and farm holdings. 
^ The Agricultural Land Reform Code of the Philippines was approved 
on 8 August 1963 
Objective 2 looks into the contribution of different types of 
labour (i.e. family or hired) to corn production in the Philippines. 
Owing to the relatively small sizes of holdings the rate of 
commercialization of the farm business may be slow. Moreover, the 
degree of dependence of these farms on family labour is high. But, the 
more important information that one would wish to know is the 
efficiency with which various compositions of the labour resource 
perform. 
It is important that the magnitude of the marginal value product 
of each type or composition of farm labour be studied. That would 
reflect the degree of commercialization in the industry and the 
attitude placed on labour inputs in terms of increasing productivity 
and farm income. 
The quality of each type of labour used is difficult to ascertain 
but the amounts in which they are combined (i.e. how much of family 
labour and/or how much of hired) may provide clues on the extent to 
which policies could be drawn to assist corn farmers organize their 
farm work. 
Objective 3 tries to give an indication of the impact of modern 
technology on physical productivity as well as on income per hectare 
of land. 
Some studies in the Philippines suggest that particularly with 
rice production there exists an inverse relationship between output per 
hectare and the size of landholding. A similar finding is reported by 
Sandoval and Gaon (1972) between farm size and income per hectare. 
The new technology which in the case of corn farming takes the 
form of fertilizer and/or improved seeds is more commonly applied in 
larger-size farms. It seems reasonable to hypothesize that the impact 
of the fertilizer technology would be either to neutralize or step up 
the influence of farm size on productivity and income per hectare. 
An assessment of the effect of the fertilizer input package may 
be utilized to examine how effective past programs were on encouraging 
farmers not just on the use of the input but also on applying the 
recommended rate to grain production and to establish a basis of 
improving extension services in different corn-producing regions. 
Objective 4 will discuss the economic rationality of the program 
for corn in terms of the emphasis that previous programs have laid to 
raise corn output in the Philippines. Within the limits of the data it 
will endeavour to trace some areas in the Philippines where there is 
a possibility that corn growing could be more productive than it is. 
1.7 Source of data and a brief description of the survey method 
employed by the collecting agency 
The data used in this study were taken from the survey returns 
collected by the Bureau of Agricultural Economics in its "cost of corn 
production" survey for both semesters of the crop year 1972-73.^ 
The sample barrios (villages) from which the farmer-respondents 
were drawn were based upon a listing that was compiled in crop year 
1971-72 during one of the major agricultural surveys undertaken by the 
Bureau. 
A systematic random sampling technique was employed in the 
selection of farmer-respondents. The farmers were chosen according to 
the following criteria: (1) that for sample barrios where corn is a 
major crop two farmers would be interviewed, and (2) that in barrios 
where corn is not a major crop only one corn farmer would be enumerated. 
1.8 Estimation and identification problems 
Before one can start estimating a production function one 
has to make several choices as to what will be estimated and how. As 
outlined by Griliches (1957) , these choices include, among others: 
(1) the choice of the algebraic form of the production function; (2) the 
choice of the variables to be included in the production function and 
^ The survey was of the "single visit" type. The first round of the 
survey was done in January 1973 (this study used that data). The 
second round of the survey was in June 1973. Samples drawn during 
the June round were not necessarily the same samples enumerated 
during the January survey. 
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the form in which they are to be included; (3) the choice of a technique 
for estimating the coefficients of the production function; and (4) what 
ollownncf!, if any, will bo rnado for tho fact that agriculture 1b a multi-
product industry and that the production function may in fact differ 
substantially in different parts of the country. 
In this exercise the unrestricted Cobb-Douglas form, that is, an 
equation linear in the logarithms of the variables, was chosen primarily 
on the ground that it usually gives a good fit to farm management data 
and partly for its ease of manipulation and interpretation.^ The 
function estimated by this approach is interpreted as the average 
production function. There are a number of estimation techniques 
available but in this study the Ordinary Least Squares technique is used. 
The choice of variables included in this study was largely confined within 
the limits of the data made available by the Bureau of Agricultural 
Economics to this researcher. The economic model being employed to 
describe the farm firm assumes (1) that the farms are essentially single-
product farms, viz. corn, and (2) that the same functional form applies 
to all of the corn enterprises on the farms within a given region. 
The variables are specified as follows: 
(a) dependent variable 
Y = gross output of corn grains per farm in sacks of 
57 kilograms. This has the implied assumption 
that the crop composition of total production is 
the same for various farms within the region. In 
fact in the Philippines, at least until the year 
when the corn survey was conducted, one would 
find a typical corn variety (typical in a region) 
grown most over other varieties. 
1 Using the data from Northeastern Mindanoa, an attempt was made to fit 
a quadratic equation and compare it with the C-D function. The 
following result was obtained: (1) the major economic variables, viz. 
land and labour, whose coefficients in the C-D function, are significant 
at the 1% probability level are not significant even at the 10% level 
in the quadratic function, (2) none of the squared terms of the major 
variables came out significant (except for land which appeared 
significant only at the 20% probability level) in the quadratic 
equation, (3) the standard error of estimate (8.34) using the quadratic 
equation was found substantially higher than that (1.63) which was 
estimated by the Cobb-Douglas fit. 
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(b) Independent variables 
X^ = Land. The land input is restricted to the cultivated 
area measured in hectares. But land is not necessarily 
homegenous even within a given region. It differs in 
soil fertility, soil texture and other physical aspects. 
To allow for differences in productivity which may be 
attributed to these variations in land quality, 
several authors measure this variable in terms of 
market value. The assumption is that the real estate 
market does the job well so that quality differences in 
land are reflected by differences in the sales value. 
This is not, however, possible to adopt in the present 
analysis due to the unavailability of land value data 
for each farm eniimerated. To reduce the bias arising 
from that limitation, the land input had to be 
distinguished between two farm sizes. One size group 
would consist of farms with a cultivated area that is 
less than the mean value for the whole regional sample. 
Yotopoulos (1968), in a similar study suggests some 
economic and statistical reasons for doing so. He 
has indicated that the economic logic of production 
suggests that the sample observations of the underlying 
population may not obey the same law over the entire 
range of the independent variables. This is because of 
the effect that grouping has upon the input coefficients 
specially labour. Statistically, by grouping the farms 
we hold constant the unobserved variables (e.g. 
management) that may be correlated with farm size. 
Measured in hectares, land input is thus a stock concept. 
X^ = Labour. The labour input used is the unsophisticated 
measure of total man-days (i.e. 8 hours per-day-
equivalent) worked in the farm during the cropping 
season. This includes only the farm operations involved 
prior to the harvesting of the crop.^ For purposes of 
^ The total labour units used per farm is the aggregate of the number of 
man-days spent for seed selection and treatment, land preparation, 
planting or seeding, cultivation, weeding, fertilizer application, and 
spraying of insecticides (if any). 
12 
this study, labour input is broken down into operator's 
leibour, family labour, hired labour, and exchange labour. 
No attempt was made to correct this variable for quality 
differences, e.g. age, sex, or educational level, neither 
was any weighting of labour compositions done since the 
data to do this were not collected. 
X.^  " Cnpi l:n 1 . Trad Ltlonn 11y , (:hn appronch to the proh lom of 
qunntiTying capital in[)ut lins boon to conotrtjct nomr 
measure of capital stock and assume that this stock was 
proportional to the flow contribution of the stock into 
the productive process. Yotopoulos (1968) finds that this 
approach is generally not satisfactory; he considers it 
better to work with the flows themselves. 
The capital input variable used here is therefore, a 
flow construct consisting of the depreciation cost^ of 
farm sheds and similar dwelling, farm power, tools and 
equipment, interest paid for loans used on the crop in 
question, and any amount spent for land improvements, 
e.g. fences, drainage system, and earthwork, if any, 
during the particular crop season. 
X = Fertilizer. The data of the actual quantities of 4 
fertilizer used for each corn farm (or observation) 
was used. However, because of the difficulty of 
obtaining reliable information of the nutrient composition 
of fertilizer, e.g. nitrogen, phosphorous, and potassium, 
applied to each farm,, a detailed analysis by type of 
fertilizer used could not be done. The fertilizer input 
was measured in terms of the amount applied in kilograms. 
X^ = Seeds. This refers to the quantity of seeds used per 
farm in sacks of 57 kilograms. 
^ The depreciation rate applied in this study was 5 percent for the 
semester. 
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CHAPTER 2 
AVERAGE PRODUCTION FUNCTION 
This chapter is devoted to the theoretical discussion of the 
average production function, to the specification of dummy variables 
and to the measurement of technical efficiency. The first part of 
this chapter deals with the general Cobb-Douglas equation and the 
introduction of the dummies into the model. The second part discusses 
the properties of the Least Squares method and the Cobb-Douglas 
production function. The last part of the chapter deals with the 
measurement of technical efficiency. 
2.1 Average function 
The Cobb-Douglas function in its best-known form is 
m 
y . ^ a " ^ x^^ (2.1) 
where, 
y^ = output of farm j (j = 1,2, ,n) 
x^j = amount of factor i used by farm j 
3i = parameters associated with the ith factor - use 
x^ (i = 1,2, ,m) 
a = the efficiency parameter o 
In order to estimate (2.1) from the sample, an error term is usually 
introduced as 
m 
y . = : a x . e . (2.2) 
where, 
e. = error term in farm j D 
A useful characteristic of the non-linear form (2.2) is that it becomes 
linear in the logarithms of the variables, which is a necessary condition 
for normal regression techniques.^ 
^ See Nerlove, M. (1965) for an extensive theoretical discussion on the 
estimation and identification of Cobb-Douglas production functions. 
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Thus, (2,2) can be written in log linear form as 
m 
Y. = A^ + E3.X. . + E. (2.3) 
where, 
Y . = 
3 
log e 
X. . = log (X. . e 1: ^ = log e (a ) 0 
E . = : log e 
Equation (2.3) now expresses the exact linear relationship between 
the variable Y^ and the m explanatory variables X^, X^ X^. 
Here, the error term E^ may be composed of the measurement error in 
different input factors and/or error due to the omission of certain 
variables in the function. 
In this study, while a purely competitive market structure is 
impliedly assumed, it is further felt that in a given region or locality, 
corn output would be a function not only of the quantifiable inputs 
already identified but also of the qualitative attributes of the 
environment under which the crop is grown. The effects of the 
qualitative variables may be attributed, though broadly, to the 
locational (i.e. province) differences of the farms, to the differences 
in cropping seasons, and to variations arising out of the crop response 
to earliness or lateness of planting within seasons. 
To account for the effects of the above qualitative factors as well 
as to avoid the problems of autocorrelation, dummy variables are 
introduced into the model (Aigner, 1965, Johnston, 1972, and Etherington, 
1973) so that the production function (2.2) can now be written 
k 
Si o y . = a a . a . a ^ . x . . e . (2.4) 3 o pi si ti ID J 
which in logarithms is 
Y. = A + A . + A . + A^. + ZBiX., + E. (2.5) : o pi si ti ^^^ 13 3 
where, 
a = the overall intercept (general constant term) o 
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= the dummy variable for province 
(1, if the observation relates to province p; 
0, if otherwise), i = 2,3,4,5 
a^^ = the dummy variable for cropping season 
(1, if the observation relates to crop s; 
0, if otherwise), i = 2,3 
a^^ = the dummy variable for early and late planting 
(1, if the observation relates to early planting; 
0, if late), i = 2 
Since we are introducing a bona fide constant into the model and 
because we are using a computer program that produces an intercept it is 
important that one dummy variable be dropped from each set of dummies, 
otherwise we would produce a linear dependency in the data matrix 
(Johnston, 1972), Following that caution, if an observation relates 
to a farm from, say. Province 1 in the first Crop Season under the Early 
category all dummy variables are zero and the intercept term is simply 
a . For Province 1, second crop season and a Late planting the intercept o 
is (a + a ^ + a ; for Province 3, third crop. Late planting it is o s2 t2 
(a + a + a + a ) and so forth (see Table 2 and Table 3). Thus, o p3 s3 t2 
a , a ..., a , represent differential locational (province) effects P2 p3 pk 
compared with the first province, a^^' differential seasonal effects 
compared with the first Crop and a^^ differential late planting effect 
compared with early planting. The differential effect of, say, the 
fifth Province contrasted with the second Province is given by (a^^ - a^^) 
and the differential effect of the third season crop is (a^^ - a^^^ • 
It is postulated, further, that all firms within a region^ react in 
the same way to the economic inputs of production and that in addition 
there can be differential shifts in the function between firms. 
It is also assumed that the measurement of variables is error free, 
which means that this type of error is not recognized in the function. 
However, we recognize the existence of error due to the exclusion of 
some factors from the function. l-Jhere managerial efficiency is the only 
factor omitted from the production function the efficiency term a^ will 
^ A region in this study refers to the larger geographical area 
encompassing the provinces. Normally, a region is composed of 
about 5 provinces. 
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vary Trom form to form. Tho orror tc^ rm E^ in equation {2.5) is, 
therefore, assumed to measure the differences in the technical efficiency 
and a^, therefore represents the average efficiency level^. 
The parameters a. , and 3. r and the error distribution are unknown IS X s 
and the problem is to obtain the estimates of these unknowns. The 
procedure that will be adopted to estimate these unknown parameters is the 
Ordinary Least Squares method. Now the sample estimates of (2.5) would 
be given by /\ /N /N /V m 
Y. = A + A . + A . + A^. + ):B.X. . + U . (2.6) : o pi SI ti ^^^ 1 i: J 
where, 
^ ^ ^ ^ 
A , A ., A ., A . arc the least squares estimates of the A's and o p.i si ti 
3i = (i = 0, 1, 2,...,m) the least squares estimates of values. 
2.2 Properties of the Least Squares Method 
The attractive statistical properties of the single equation 
least squares method are the facility of estimation and the fact that 
ordinary least squares provides the best linear unbiased estimators 
of the parameters of (2.3) when the following conditions are met: 
a) The disturbances of E. are random variables with zero 
expectation, 
b) The disturbances are uncorrelated and have common 
variance, 
c) The independent variables are uncorrelated with 
the error terms, and 
d) The number of observations exceeds the number of 
parameters to be estimated (including the intercept) 
and that no exact relationships exist between any of 
the explanatory variables. 
^ We recognize that the error term will include more than technical 
efficiency. However, apportioning the error term between technical 
efficiency and other sources of error has not been dealt with in 
this study as the data which could represent managerial efficiency 
are not available, (see Timmer 1970). 
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TABLE 2 
INTERCEPT REPRESENTATION USING THE COEFFICIENTS OF DUMMIES 
FOR PROVINCE, CROP SEASON, AND TIME OF PLANTING 
Province Crop ^ Season 
Time of ^ 
Planting Intercept 
1 Early a o 
2 Early a + a „ o s2 
3 Early ^o % 3 
1 Late . % \ 2 
2 Late a + a „ o s2 + \ 2 
3 Late a + a ^  o s3 + 
2 1 Early a + a „ o p2 
2 2 Early a + a -o p2 + 
2 3 Early a + a ^  o p2 + 
2 1 Late a + a „ o p2 + 
2 2 Late a + a „ o p2 + ^ \ 2 
2 3 Late a + a „ o p2 + 
3 1 Early a + a _ o p3 
3 2 Early a + a _ o p3 + 
3 3 Early a + a _ o p3 + 
3 1 Late a + a _ o p3 + 
3 2 Late a + a -o p3 + 
3 3 Late a + a . o p3 + 
4 1 Early a + a , o p4 
4 2 Early a + a . o p4 + 
4 3 Early a + a , o p4 + 
4 1 Late a + a . o p4 + 
4 2 Late a + a . o p4 + 
4 3 Late a + a ^  o p4 + 
5 1 Early a + a ^  o p5 
5 2 Early a + a J. o p5 + 
5 3 Early a + a ^  o p5 + 
5 1 Late a + a ^  o p5 + \ 2 
5 2 Late a + a ^  o p5 + ^ \ 2 
5 3 Late a + a ^  o p5 + 
1 First crop is from July-October; second crop is from November-February; 
third crop is from March-June. 
2 Early refers to first two months of each crop while the last two months 
fall under late. 
TABLE 3 
DISTRIBUTION OF DUMMY CODES TO PROVINCES IN 
NINE SELECTED CORN-PRODUCING REGIONS 
PHILIPPINES, CY 1972-73 
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REGION 
Province & Dummy Code 
REGION 
Province & Dummy Code 
CAGAYAN VALLEY 
Cagayan 
Ifugao 
Isabela 
Kalinga-Apayao 
Neuva Vizcaya 
Quirino 
BICOL REGION 
Albay 
Camarines Norte 
Camarines Sur 
Catanduanes 
Masbate 
Sorsogon 
WESTERN VISAYAS 
Aklan 
Antique 
Capiz 
Iloilo 
AP^ 
Ap, 
Ap! 
ap: 
Ap, 
1 ^  
Ap. 
ap: 
Ap, 
AP^ 
ap: 
EASTERN VISAYAS 
Leyte 
Southern Leyte 
Northern Samar 
Eastern Samar 
Western Samar 
Ap, 
Ap: 
1 ~ 
Ap. 
NORTHEASTERN MINDANAO 
Ap. 
1 ^ 
AP3 
Surigao del Norte Ap^ 
Surigao del Sur Ap 
Agusan del Norte 
Agusan del Sur 
Bukidnon 
Camiguin 
Misamis Oriental 
Negros Occidental Ap^ 
NORTHERN MINDANAO 
Lanao del Norte Ap^ 
Lanao del Sur Ap, 
Maranao Ap! 
Misamis OccidentalAp~ 
CENTRAL VISAYAS SOUTHERN MINDANAO 
Bo hoi Ap Davao del Norte Ap. 
Cebu AP^ Davao Oriental Ap; 
Negros Oriental AP^ Davao del Sur Ap' 
Siquijor North Cotabato Ap 
South Cotabato Ap 
WESTERN MINDANAO 
Zamboanga del Nte Ap^ 
Zamboanga del Sur Ap, 
No sample reported 
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2.3 Properties of the Cobb-Douglas Production Function^ 
The properties of the Cobb-Douglas function which have direct 
relevance to the present study are as follows: 
1) The marginal product of a factor is obtained by taking the 
partial derivative of the function with respect to that 
factor, holding other input levels constant. Thus from 
equation (2.1), and ignoring the j subscript, the marginal 
product of the ith factor x^ is derived as 
MP - ^ xi 3xi 
n r, X 2 1-1 m = p.p x^ x^ ... X. ... X 
1 o 1 2 1 m 
1 
2) The coefficients (i=l, 2,...,m) are the output elasticities 
of the respective factors of production, each of which remains 
constant across the production surface. The output 
elasticity of the ith factor x^ is given by 
9y xi y, „ , . Tl = — = — (3. .) From equation (2.7) y . y dxi y 1 XI 
= (2.8) 
The production elasticity of each input indicates the 
percentage change in the gross output for one percent change 
in that input, with other input levels held constant. 
Equation (2.8) can also be expressed as 
9y = 3. ^ 
. 1 XI dxi 
which means that the marginal product of the ith input is 
proportional to the average product multiplied by its 
exponent. 
1 A large part of this section is drawn from Sharma (1974) in his study 
of the technical efficiency of the Nepalese agriculture. 
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3) The sum of the output elasticities measures (i) the degree 
of homogeneity of the function and (ii) the returns to 
scale. The degree of homogeneity is an expression of the 
power or rate, say k, by which a given production function 
is raised once the inputs of production are simultaneously 
increased by a specified positive factor (real number), 
say X- If the function is said to be positively 
homogeneous; if k = 1, the function is said to be linear 
homogeneous, or homogeneous of degree 1. 
"Returns to scale" describes the change in output with a 
proportionate increase in all inputs. The returns to scale 
are indicated by the l^.. If S6.<1, the function indicates 
^ 1 1 1 1 
total returns which increase in a smaller proportion than the n 
increase in inputs. If = 1, there exists constant 
returns to scale, n 
If i;3.>l the function indicates total returns increasing in 1 1 
a greater proportion than the increase in inputs. Decreasing 
returns to scale means that if all factors of production 
are increased simultaneously by one percent, gross output 
will increase by less than one percent. Increasing returns 
prevail if the gross output increases by more than one 
percent. When the situation is such that a one percent 
increase in the input factors leads to a one percent 
increase in the gross output, the relationship shows constant 
returns to scale. 
4) From equation (2.7), we see that the marginal product changes 
as the input levels are changed. By differentiating (2.7) once 
again, we get 
.2 
f - V = 3. (3. - 1) ^ (2.9) 
a . Z 1 1 • Z x.i XI 
Now, since , the right-hand side of (2.9) becomes 
negative. Thus, the marginal productivity declines for 
increasing levels of factor-use, with all other inputs 
held constant. 
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5) Marginal productivity is often used to evaluate the 
allocative efficiency of individual plants, firms or 
industries. Under perfect competition the highest 
efficiency in resource use occurs at the point where the 
marginal value product of each of the resources is equal 
to its marginal cost. In the theory of the firm the 
equality of the marginal product of each factor to its 
factor-product price ratio forms the first order condition 
for profit maximization.^ Thus for the ith input, the first 
order condition would by given by 
MP xi r)xi 
= 3. 1 X I 
= ^ (2.10) 
P 
y 
where, 
P . = price of the ith factor XX 
P^ = price of the output of a single-product 
firm. 
Thus, under the assumption of perfect competition equation 
(2.10) could be used to examine the extent of resource 
misallocation in the production process of a particular firm. 
In other words, the difference between the marginal 
productivity of a factor and its opportunity cost measures 
the degree of allocative efficiency of the firm under 
consideration. 
1 The marginal product of an input is usually measured at the 
geometric mean 
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2.4 On optimising resource allocation subject to capital and resource 
constraints ^ 
The preceding section has, so far, discussed the condition for 
profit maximisation under the assumption of perfect competition where 
enough capital is available to permit resource use to the optimum and 
where all resources are varialsle. In agriculture, however, and 
particularly in developing economies a widespread capital rationing 
exists so that in practice the total quantity of resources of a 
farming unit is fixed. 
In this case it is necessary to maximise 
6 . . 
y = a X ^^  From equation (2.1) 
subject to the capital constraint, 
Zr.Y., = T (2.11) 
where r^ is the price of the ith input. 
Construct the equation 
m 
V = a^ (Xij)^ij + ^(T - Z(r.X.J) (2.12) 
where X is a Lagrange multiplier. 
Necessary conditions for a maximxim are: 
y-i 3v = 6. . - J - Ar. = 0 (1) 
ID X,. 1 
(2.13) m 
dv = T -Sr.x. . = o' (2) 
Sufficient conditions require also that If 
all i = l,2,...,m. However, the sum of the elasticities is not 
constrained to less than unity. 
^ This section draws heavily from the work of Duloy (1963). 
From equation (2.13) by summation. 
m 
X = yj^^j (2.14) 
1 
m 
i:(r.x. . ) 
i ^ ^^ 
From (2.11) T = Zr^xij• So substituting in (2.14) 
^ = (2.14a) 
Now from (2.13 (1)) 
, B..Y. 
^ = J-J J 
r.x. . 
Thus from (2.14a) 
Yj.^. . , 3. -Y. 
j IJ J 
T r,X. . 
whence, 
r.x.. = ^ij^ (2.15) 
^ ^^ r t ~ 
1=1 
and „ 
X. . = ^jV (2.16) 
^^ 7 - Z 3 . . 
For constrained profit maximisation all marginal products are equal 
to a constant, X, which by equation (2.14) is a function of the volume 
of funds available. Equation (2.15) or (2.16) specifies the level of 
the ith input required to maximise output under the constraint. This 
level of the input (expressed in physical terms) will be denoted by * 
X. .. ID 
24 
Optimum resource allocation on smallholder farms is of additional 
interest because not only is capital restricted but one or more 
particular resources may be fixed. An example of such a resource is 
land. By adding an additional constraint, the foregoing results for 
restricted maximisation may be extended to 
* ^ B..T' 
^ij (2.17) 
m 
r. S 3 . . 
where, 
T' = the volume of funds to be allocated amongst the other m - 1 
input categories (i.e. holding the ith input, say x^, constant). 
X as defined in equation (2.14) is the opportunity cost of all 
resources at equilibrium. Given that the scope for the recombination 
of existing inputs or the use of a specific resource is restricted, 
then the appropriate criterion against which to compare marginal 
products for the purposes of such adjustments is the opportunity cost 
rather than unity. Thus, if the marginal product of an input exceeds 
X it pays to increase the use of that input at the expense of inputs 
where the marginal product is less than X. An equivalent approach is 
to compare the observed levels of individual inputs with the "optimum" 
levels as calculated in equation (2.16) or (2.17). This latter 
procedure is useful as it indicates not only the direction but also 
the magnitude of shifts in resources required to maximise output from 
given resources. 
2.5 Technical Efficiency 
A farm is said to be more technically efficient than another 
if it produces larger quantities of output from the same quantities 
of measurable inputs.^ 
^ A more thorough discussion of technical efficiency and related issues 
has been covered by Timmer (1970) in his article which dealt more 
specifically with this topic. 
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The average function estimated with the Cobb-Douglas equation will 
enable us to predict the average output levels obtainable from each 
possible input combination. In other words, the output level predicted 
from the average function indicates the level obtainable by the average 
farm. Once the production functions are estimated the technical 
efficiency of the individual farms will be measured in relation to 
the average function. 
Accordingly, the ratio of the actual observed output to the output 
predicted from the average production function measures the efficiency 
level of the respective farm relative to the average farm. The 
measurement of technical efficiency of individual farms of a given 
region is concerned with the actual farm performance in the region 
relative to the regional average but not in relation to what is possible 
elsewhere, 
2.6 Measurement of Technical Efficiency 
Equation (2.6) represents the average production function. 
The estimate obtained from this function indicates the average output 
level (in the log form) which an average farm could obtain from a 
given set of inputs. The efficiency index is calculated relative to 
this estimated average function. 
The index of technical effiency = A-" 
= Anti-log of 
(Y. - Y.) (2.18) 
3 J 
where, 
Y is the log of the observed output of the jth farm j 
Y. is the log of estimated output level given by (2.6). 
It should be reiterated that this index includes factors other than 
technical efficiency. 
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2.7 Some notes on criticisms of the Cobb-Douglas function 
Bccauso of the restrictive assumptions underlying the Cohb-
Douqlan Tunction, n number of criticifimn nnd mocU.ficntionn in hhn unr> 
of it have boen mado. The asnumption of conntant elasticity of 
substitution, for instance, has been one of the major characteristics 
of the function frequently questioned. Another aspect of the model 
is that of symmetry which Carter (1956) describes as showing contour 
lines in an Xj^ j^ (the inputs) plane becoming asymptotic to both the 
vertical and horizontal axes. This characteristic indicates, for 
example, "that a farmer with a fixed amount of labour available can 
increase the use of capital in the form of machinery and livestock 
indefinitely and, according to the function, continue to increase 
gross income. However, in reality the physical capacity of a man 
limits the amount of machinery and/or the volume of livestock he 
can handle and after this capacity is reached it is illogical to assume 
the marginal value product of capital investments to be anything but 
zero or negative". A similar argument is brought up by Chand (1968) 
in his paper on Indian agriculture. 
On analyses based only on one year's data, Hildebrand (1960) 
pointed some difficulties with empirical results from whole-farm 
Cobb-Douglas type production functions. He specifically noted 
the wide variability of results from year to year and from model 
to model. 
Dillon and Anderson (1971) have similarly voiced out their 
general dissatisfaction over the use of the Cobb-Douglas on studies 
of allocative efficiency in traditional agriculture and, consequently, 
propose investigations of allocative efficiency based on utility 
maximisation in the face of subjective risk. 
Sau (1971) questions the suitability of the Cobb-Douglas function 
for determining economies of size, particularly in agriculture, and 
reminds that since the production function was initially applied to 
industry, caution should be exercised in mechanically applying the 
model to agriculture. 
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At any rate, to quote Carter again, "it is difficult to devise 
equations that will express the very complicated "true relationships" 
found in the physical and social spheres of the agricultural sciences. 
Disturbances created by various uncontrolled biological, climatic, 
and sociological variables tend to obscure the "true relationships". 
The difficulty is aggravated still further by the inability of finite 
human minds to fully understand the nature and causality of these 
relationships". 
28 
CHAPTER 3 
EMPIRICAL PRODUCTION FUNCTIONS 
The theoretical aspects of the average production function were 
discussed in Chapter 2. In this Chapter an analytical discussion of 
the empirical production function estimated from the fitted Cobb-Douglas 
equation is presented. The chapter is divided into three parts. The 
first part deals with the statistical interpretation of the average 
estimates, the second part with returns to scale, and the third, with 
the marginal productivities of inputs in Philippine corn farming. 
3.1 Average Production Function 
Nine production functions representing each of the major 
corn-producing regions were estimated. These functions can be 
interpreted only as they relate to the average farming condition of 
the specific farm holdings. The estimated regression coefficients 
and related statistics are summarized in Tables 6 - 1 4 . 
3.1.1 Locational (province), seasonal and planting time effects 
The coefficients of the dummies representing the provinces 
(Api's) under a region are included in Tables 6 - 1 4 . These values 
correspond to the differential locational effects of those provinces 
compared with the first province in each region (recall discussion of 
dummies in Chapter 2). 
The intercept of the function corresponding to a particular 
province may easily be calculated from the set of coefficients of 
dummies (including the overall intercept). Intercepts, thus, obtained 
for a province are important for policy and/or future economic research 
on corn as they provide indications of the relative position of 
provinces with respect to production potentials. The intercept values 
give some indication of which province or provinces are inherently more 
suitable for the production of the crop. 
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The dummy coefficients for cropping season (Asi's) and planting 
time (Ati's) were also calculated. However it will be noted that for 
a number of regions they do not appear in the estimated production 
functions. These dummies have been deleted as they were found 
statistically insignificant in the earlier regression runs.^ 
Following Table 4-12 the intercepts for the provinces revealed 
the following results: In Cagayan Valley the more productive corn-
producing area appeared to be the province of Quirino (Ap4). Among 
Bicol provinces, Masbate (Ape) ranked most promising for the crop. 
Moreover, the advisability of producing corn particularly during the 
third crop in Masbate is indicated by the magnitude of its estimated 
positive differential effect. 
Of the provinces representing Western Visayas, Capiz (Ap3) had 
the higher intercept value. A more favourable cropping period in 
general, is indicated for the second crop in this region. 
In Central Visayas, it is the province of Bohol (Apl) which 
seems to provide the physical environment required for higher corn 
output. The seasonality of planting did not appear to be an important 
limitation to corn production as this variable was not found statistically 
significant. 
In Eastern Visayas, the intercept calculated for the provinces 
of Northern Samar (Ap3) suggests that this area has grown corn more 
productively compared to the rest of the provinces during the crop 
year 1972-73. Of the two Leyte provinces, on the other hand, the 
evidence is that Southern Leyte (Ap2), was probably more physically 
adapted to corn-growing than the northern part of the island. Corn 
planted rather late but falling within the season of second crop would 
seem to be relatively better. 
Zamboanga del Norte (Apl) as a province is found to have higher 
output response for corn than its adjacent province (Ap2) in the 
^ See Bacon, R. W. (1972) or Valentine, T. J. (1972) for more elaborate 
discussion of issues relating to inclusion or omission of variables 
in the function. 
30 
Western Mindanao region. The influence of any particular cropping 
season over the entire region was not found materially important. 
The dummy coefficient for the province of Bukidnon (Ap2) and 
possibly that for Agusan del Norte (Apl) have identified the two 
provinces as the more important areas for growing corn in Northeastern 
Mindanao. The insignificant coefficients obtained for the other 
provinces as well as the non-significant seasonal effects on the 
variation of farm output during the crop year probably implies the 
need for further improvement in the physical attributes of the 
environment (e.g. irrigation, fertilization) for corn production in 
these provinces. For purposes of drawing up policies aimed at 
enhancing the growth of the corn industry in the region, a closer 
investigation would still be necessary. 
All four provinces comprising Northern Mindanao contributed 
significantly to the variability of corn output in that region. It 
is important to note that the Lanao provinces (Apl, Ap2, Ap3) performed 
the more positive role of raising corn produce per enterprise while 
Misamis Occidental (Ap4) was affecting the regional average output 
less productively. The seasonal influence was not found significant. 
However, earlier plantings during each cropping season are suggested. 
In Southern Mindanao the dummy coefficients for the provinces 
comprising Cotabato (Ap4 and Ap5) are quite high and are statistically 
significant, implying that the movement of limited resources towards 
these areas would likely be rewarding. 
While the direction of resources in terms of locations and seasonalities 
have been described, this section cannot as yet claim conclusiveness 
of such findings as this study is based mainly on the cross-sectional 
information in a crop year which was not necessarily a normal year. 
Moreover, the samples were drawn specifically to study the industry 
on a regional level and not on provincial basis. A locally oriented 
and improved survey follow-up is, therefore, recommended. 
1 The sampling procedure used in the "Cost of Corn Production Survey of 
1972/73" was aimed at obtaining regional estimates of the cost of 
producing corn. As far as this writer knows the survey was conducted 
per instruction of the Secretary of the Department of Agriculture and 
Natural Resources, the main objective of which was to look at the 
industry in terms of the price support policies then being proposed 
by the government. Furthermore, the financial appropriation for that 
survey was not enough to cover sample sizes statistically sufficient 
for detailed studies on provincial levels. 
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3.1.2 Production Elasticities 
The production function coefficients given in Tables 6 - 1 4 
are the partial elasticities of output with respect to each input. To 
test the statistical significance of the production elasticities of 
each of the inputs included in the analysis a two-tailed t-test was 
used. 
It is important to mention at this point that the issue of 
multicollinearity was looked into but did not appear to be a problem 
particularly with respect to the five independent variables, viz. land 
area, man-labour, capital services, fertilizer, and seeds (see 
Appendix 1-A to l-I). We have ruled out the presence of inter-
dependency of these variables on the basis of the opinions of Heady 
and Dillon (1961) and of Klein (1962). Heady and Dillon recommend 
that one of the highly correlated variables should be omitted in the 
regression if any of the correlation coefficients between the 
independent variables are close to plus or minus one, say greater 
than lo.sj. Klein is of the view that if the simple correlation 
between exogenous variables is smaller than the multiple correlation 
of the regression, then multicollinearity is not harmful.^ 
1 
Cagayan Valley (Table 4) 
In this region the production coefficients found significant were 
those for land and labour which were both significant at the 1 percent 
probability level. The coefficient for capital services was not 
statistically different from zero even at the 20 percent level. A 
negative but insignificant coefficient for the seed input was 
estimated. Due to an insufficiency of observations on fertilizer use 
this variable was omitted in the estimation of the production for 
this region. 
^ For more discussion on exact multicollinearity in relation to 
the Cobb-Douglas production function, see Doll (1974) 
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The production elasticities of each input indicate the expected 
percentage increase (or decrease) in the gross output resulting from 
a one percent increase in that input, while other input levels are 
held constant at their geometric means. 
It can be seen that for Cagayan Valley a one percent increase in 
land area could, on average, be expected to increase gross output of 
a Cagayan corn farm by 0.52 percent assuming all other input amounts 
constant. On the other hand, a one percent separate increase in 
man-labour and capital inputs indicate a 0.15 and 0.01 percent 
corresponding rise in total corn output. However, not much confidence 
could be placed on the effects of the additional use of capital resources 
for Cagayan Valley farms because of the insignificant elasticity of 
this input as noted above. 
Bicol Region (Table 5) 
The production elasticities representing land (0.70607) and 
seeds (0.09274) were found significant at 1 percent and 20 percent 
levels, respectively, for Bicol. This suggests that given the other 
inputs remaining at the average level at which they are currently 
used and the climatic conditions that prevailed in this region during 
1972/73, production could be expected to increase by 0.71 percent with 
one percent increase in farm area. With seeds, however, a one percent 
increase in seeding rate, could raise output by 0.09 percent. 
Unfortunately, the coefficients for labour and capital are both 
negative (though insignificant) indicating that production would fall 
or probably remain as it currently is should extra units of these 
inputs be added. In general, the presence of surplus human labour in 
the small-holder corn farms of Bicol and the inefficient use of 
capital inputs are implicitly shown by such elasticities. 
Western Visayas (Table 6) 
It is interesting to note that all production elasticities estimated 
for this region are positive and significant at probability levels 
ranging from 1 to 20 percent. 
T A B L E 4 
R E G R E S S I O N C O E F F I C I E N T S A N D R E L A T E D S T A T I S T I C S O B T A I N E D 
F R O M T H E C O B B - D O U G L A S P R O D U C T I O N F U N C T I O N F I T T E D 
T O S U R V E Y D A T A F R O M C A G A Y A N V A L L E Y , CY 1 9 7 2 - 7 3 
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N u m b e r o f O b s e r v a t i o n s 
C o e f f i c i e n t of m u l t i p l e d e t e r m i n a t i o n (R^) 
F - r a t i o 
(dogrncs of f r e e d o m ) 
D u r b i n - W a t s o n s t a t i s t i c 
I n t e r c e p t s in log f o r m (Ai) 
O v e r a l l i n t e r c e p t (Ao) 
D u m m y v a r i a b l e for p r o v i n c e (Api) 
P r o v i n c e 2 (Ap^) 
P r o v i n c e 3 
P r o v i n c e 4 (Ap^) 
R e g r e s s i o n C o e f f i c i e n t s (3i) 
A r e a P l a n t e d (6^) 
M a n - l a b o u r d a y s (32^ 
C a p i t a l s e r v i c e s 
S e e d s , q u a n t i t y o f (3^) 
S u m o f 3 i ' s 
R e t u r n s to s c a l e 
137 
0 . 6 7 3 6 
3 2 . 1 9 
9 , 127 
1 . 7 0 3 7 
* * * * 
2 . 0 6 8 8 
(0.26555) 
* * * * 
- 0 . 2 1 1 1 5 
(0.097728) 
- C . 1 5 7 9 9 " 
(0.13749) 
* * * * 
1 . 1 1 1 9 
(0.11859) 
* * * * 
0 . 5 1 8 0 2 
(0.063824) 
* * * * 
0 . 1 5 2 0 6 
(0.073149) 
0 . 0 1 1 1 8 7 " - ® -
(0.040904) 
- 0 . 0 0 1 8 5 8 2 
(0.054899) 
0 . 6 7 9 4 1 
D e c r e a s i n g 
n . s. 
F i g u r e s in p a r e n t h e s i s i n d i c a t e t h e s t a n d a r d e r r o r s of t h e e s t i m a t e s 
* * * * 
* * * 
* * 
n . s . 
S i g n i f i c a n t a t 1 p e r c e n t p r o b a b i l i t y l e v e l 
S i g n i f i c a n t a t 5 p e r c e n t p r o b a b i l i t y l e v e l 
S i g n i f i c a n t a t 10 p e r c e n t p r o b a b i l i t y l e v e l 
S i g n i f i c a n t a t 20 p e r c e n t p r o b a b i l i t y l e v e l 
N o t s i g n i f i c a n t 
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TABLE 5 
REGRESSION COEFFICIENTS AND RELATED STATISTICS OBTAINED FROM THE 
COBB-DOUGLAS PRODUCTION FUNCTION FITTED TO SURVEY DATA FROM 
BICOL, CY 1972-73 
Number of Observations . . . . 97 
Coefficient of multiple determination (R^) 0.6457 
F-ratio 20.44 
(degrees of freedom) .. 9, 87 
Durbin-Watson statistic 2.0846 
Intercepts in log form (Ai) **** 
Overall intercept (Ao) 2.52340 
(0.37993) 
Dummy variable for province (Api) **** 
Province 2 (Ap ) 0.56851 
(0.19062) 
* * * * 
Province 3 (Ap ) 0.63566 
(0.19917) 
* * * 
Province 4 (Ap ) 0.46650 
(0.21672) 
Dummy variable for cropping season (Asi) **** 
Crop 1 (As ) -0.57852 
(0.21731) 
Crop 2 (AS ) -0.78346 
(0.23490) 
Regression Coefficients (6i) •*** 
Area planted (3-,) 0.70607 
(0.09530) 
Man-Labour days (B„) -0.05958'^'^" 
(0.09632) 
Capital Services (6 ) -0.03663""®' 
(0.05895) 
Fertilizer 
Seeds, quantity of (6.) 0.09274 
^ (0.06372) 
Sum of 6i's 0.70260 
Returns to Scale Decreasing 
Figures in parenthesis indicate the standard errors of the estimates. 
* * * * 
* * * 
* * 
n. s. 
Significant at 1 percent probability level 
Significant at 5 percent probability level 
Significant at 10 percent probability level 
Significant at 20 percent probability level 
Not significant 
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TABLE 6 
REGRESSION COEFFICIENTS AND RELATED STATISTICS OBTAINED FROM THE 
COBB-DOUGLAS PRODUCTION FUNCTION FITTED TO SURVEY DATA FROM 
VJESTERN VISAYAS, CY 1972-73 
Number of Observations 98 
-2 
Coefficient of multiple determination (R ) 0.7310 
F-ratio 22.96 
(degrees of freedom) 12, 85 
Durbin-Watson statistic 2 ^ 0901 
Intercepts in log form (Ai) 
Overall intercept (Ao) 0.42682"'^' 
(0.43889) 
Dummy variable for province (Api) 
Province 2 (Ap ) -0.1229l"'^' (0.17793) ** 
Province 3 (Ap ) 0.39977 
(0.22304) 
Province 4 (^P^) -0.08312"' 
(0.14457) * 
Province 5 (Ap ) -0.26638 
(0.17833) 
Diommy variable for cropping season (Asi) ^^^ 
Crop 1 (As ) 0.76288 
(0.32909) 
* * * * 
Crop 2 (As ) 1.18726 
(0.35708) 
Dummy variable for time of planting (Ati) ^^^ 
Late crop (At ) 0.26270 
(0.12645) 
Regression Coefficients (3i) **** 
Area planted (B-,) 0.47562 
(0.08152) * 
Man-Labour days (6,) 0.16093 
(0.16093) 
* * * 
Capital Services (6.) 0.09707 
(0.04874) 
Fertilizer (6.) 0.08931*** 
(0.03623) ** 
Seeds, quantity of (3.) 0.10275 ^ (0.06100) 
Sum of 3i's 0.92568 
Returns to Scale Decreasing 
Figures in parenthesis indicate the standard errors of the estimates. 
**** Significant at 1 percent probability level 
*** Significant at 5 percent probability level 
** Significant at 10 percent probability level 
* Significant at 20 percent probability level 
n.s. Not significant 
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The land input once again, has the highest production elasticity of 
0.48 percent which obviously suggests how important land size is as a 
single most influential factor affecting corn output in the region. The 
addition to the input units of labour, capital, fertilizer and seeds, on 
an individual basis (i.e. assuming that the remaining inputs are 
constant, accordingly) would, on average, raise corn output by 0.16, 
0.10, 0.09, and 0.10 percent, respectively, in Western Visayas corn farms. 
Central Visayas (Table 7) 
Central Visayas is a region where corn grit is a major component 
of daily food, especially in the farming areas. Results show that 
except for fertilizer the elasticities of production calculated for the 
resources of farms in this region are significant at higher probability 
levels. The level of significance of the coefficients indicates the 
level of confidence with which individual inputs such as land, labour, 
capital and seeds could be taken as influencing the variability of 
the total production of an average farm in the region. The coefficient 
for the land variable is 0.60 percent, 0.13 percent for labour, 0.15 
percent for capital, and 0.16 percent for seeds. A coefficient of 0.02 
is obtained for fertilizer, which aside from being insignificant is 
negative. 
Eastern Visayas (Table 8) 
In this region a one percent increase in the land area, if 
this could still be done, would lead to a 0.69 percent increase in the 
gross output. The production elasticities of man-labour, capital and 
fertilizer are similarly interpreted but their respective elasticities 
are not significantly different from zero. Seed is an important input 
whose coefficient of 0.28 is significant at the 5 percent probability 
level. Such elasticity for seeds shows that on the average the present 
rate of seeding in the Eastern Visayas provinces is relatively low, 
that a one percent addition of seed to the average size farm in the 
region could still be expected to raise total production by 0.28 percent 
holding other inputs at their geometric mean levels. 
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TABLE 7 
REGRESSION COEFFICIENTS AND RELATED STATISTICS OBTAINED FROM THE 
COBB-DOUGLAS PRODUCTION FUNCTION FITTED TO SURVEY DATA FROM 
CENTRAL VISAYAS, CY 1972-73 
Number of Observations 309 
- 2 Coefficient of multiple determination (R ) .. .. .. 0.6754 
F-ratio 81.10 
(degrees of freedom) 8, 300 
Durbin-Watson statistic 1.7132 
Intercepts in log form (Ai) **** 
Overall intercept (Ao) 1.79574 
(0.23990) 
Dummy variable for province (Api) **** 
Province 2 (Ap ) -0.46966 
(0.08158) 
Province 3 (Ap ) -0.14691^^' ^ ' 
(0.10061) 
ic if "k 
Province 4 (Ap ) -0.71046 
(0.12296) 
Regression Coefficients (Bi) **** 
Area planted (B, ) 0.59539 
(0.05422) 
* * * 
Man-Labour days (6 ) 0.13101 
(0.06662) **** 
Capital Services (3^) 0.14544 
(0.03714) 
Fertilizer (3.) -0.01835"'^' 
^ (0.02469) 
* * * * 
Seeds, quantity of (3.) 0.15837 
^ (0.04056) 
Sum of 3i's 1.01186 
Returns to Scale Constant 
Figures in parenthesis indicate the standard errors of the estimates. 
**** Significant at 1 percent probability level 
*** Significant at 5 percent probability level 
** Significant at 10 percent probability level 
* Significant at 20 percent probability level 
n.s. Not significant 
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TABLE 8 
REGRESSION COEFFICIENTS AND RELATED STATISTICS OBTAINED FROM THE 
COBB-DOUGLAS PRODUCTION FUNCTION FITTED TO SURVEY DATA FROM 
EASTERN VISAYAS, CY 1972-73 
Number of observations 105 
_2 
Coefficient of multiple determination (R ) 0.6302 
F-ratio 18.73 
(degrees of freedom) 10, 94 
Durbin-Watson statistic 2.1220 
Intercepts in log form (Ai) ^^^^ 
Overall intercept (Ao) 2.46508 
(0.44195) 
Dummy variable for province (Api) 
Province 2 (Ap ) 0.04257"'^' 
(0.16171) * * * * Province 3 (Ap ) 0.72998 
(0.27202) ** 
Province 4 0.28532 
(0.16379) 
Dummy variable for cropping season (Asi) ^^^ 
Crop 1 (As ) -0.35535 
(0.14030) 
Dummy variable for time of planting (Ati) **** 
Late crop (At ) 0.51190 
(0.14885) 
Regression coefficients (3i) **** 
Area planted (3 ) 0.68703 
(0.14434) 
Man-labour days (3 ) 0.06373"^'^' 
(0.10774) 
Capital services (3 ) 0.02100"'^' 
(0.05535) 
Fertilizer ( 3 . ) a 
^ **** 
Seeds, quantity of (3 ) 0.28119 
(0.10696) 
Sum of 3i's 1.05295 
Returns to scale Constant^ 
Figures in parenthesis indicate the standard errors of the estimates. 
**** Significant at 1 percent probability level 
*** Significant at 5 percent probability level 
** Significant at 10 percent probability level 
* Significant at 20 percent probability level 
n.s. Not significant 
a Insufficient number of observation 
b Ignoring non-significant coefficients 
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Western Mindanao (Table 9) 
The regression coefficient for the land input in Western 
Mindanao is, surprisingly, very low and negative. Two possible reasons 
are (1) that some farmers enumerated may have over-reported the actual 
area of land planted or abandoned certain portions of the farm crop,^ 
and/or (2) that unfavourable weather conditions or plant pests and 
diseases may have damaged the crop. 
The effect of man-labour is quite high as shown by a production 
elasticity of 0.37 percent. The effect of seeding rate (0.47) appeared 
exceedingly high although significant at the 1 percent level. These 
two inputs are very suggestive of the importance that farmers in the 
region should place on labour and seed quantities if corn output in 
Western Mindanao is to be raised. 
For capital services a negative but insignificant production 
elasticity has been calculated. It is difficult to explain this given 
the common observation that capital inputs in less developed areas 
are low. 
The fertilizer input has a production elasticity of about 0.10 
percent which is significant at the 1 percent probability level. 
Relative to other regions it will be seen that as far as fertilizer 
is concerned, the influence of this input on increasing physical 
farm production is highest in Western Mindanao. 
Northeastern Mindanao (Table 10) 
The variability in the level of corn production in this part of 
Mindanao could be attributed to the variation in land area, man-labour 
days, quantity of seeds used, and quantity of fertilizer applied, in 
that order. Their production elasticities indicate that for an 
average famn in the region, one percent increases in these inputs can 
^ The outbreak of civil disturbance was already felt in this region 
during 1972/73. 
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* * * * 
TABLE 9 
REGRESSION COEFFICIENTS AND RELATED STATISTICS OBTAINED FROM THE 
COnn-DOUGLAS PRODUCTION FUNCTION FITTED TO SURVEY DATA FROM 
WESTERN MINDANAO, CY 1972-73 
Number of obsorvations 92 
Coefficient of multiple determination (R^) 0.7323 
F-ratio 42.48 
(degrees of freedom) 6, 85 
Durbin-Watson statistic 1.5850 
Intercepts in log form (Ai) 
Overall intercept (Ao) 2,10765 
(0.33515) 
Dummy varisible for Province (Api) **** 
Province 2 (Ap ) -0.45409 
(0.10582) 
Regression Coefficients (3i) 
Area planted (3 ) -0.03398"' 
(0.13213) 
* * * * 
Man-labour days (3 ) 0.36666 
(0.08391) 
Capital Services (6^) -0.03253"'^" 
(0.03898) 
* * * * 
Fertilizer (6 ) 0.10276 
(0.03487) 
* * * * 
Seeds, quantity of (3 ) 0.46585 
(0.12370) 
Sum of 3i's 0.86876 
Returns to Scale Decreasing 
Figures in parenthesis indicate the standard errors of estimates. 
**** Significant at 1 percent probability level 
*** Significant at 5 percent probability level 
** Significant at 10 percent probability level 
* Significant at 20 percent probability level 
n.s. Not significant 
TABLE 10 
REGRESSION COEFFICIENTS AND RELATED STATISTICS OBTAINED FROM THE 
COBB-DOUGLAS PRODUCTION FUNCTION FITTED TO SURVEY DATA FROM 
NORTHEASTERN MINDANAO, CY 1972-73 
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. - 2 , 
Number of Observations 
Coefficient of multiple determination (r") 
F-ratio 
(degrees of freedom) 
Durbin-Watson statistic 
Intercepts in log form 
Overall intercept 
Dummy variable for 
Province 2 
Province 3 
Province 4 
Province 5 
Regression Coefficients 
Area planted 
Man-labour days 
Capital Services 
Fertilizer 
Seeds, quantity of 
(Ai) 
(AO) 
province (Api) 
(AP^) 
(AP3) 
(Ap^) 
(AP3) 
(6i) 
(63) 
(63) 
(64) 
103 
0.6917 
26.42 
9, 93 
1.6696 
* * * 
Sum of 3i's 
Returns to Scale 
1.00089 
(0.45808) 
* * * 
0.46203 
(0.18795) 
0.08139"-^' 
(0.16035) 
0.28985"-^-
(0.29612) 
0.17446"-^' 
(0.18082) 
**** 
0.51013 
(0.09849) 
* * * * 
0.40844 
(0.10510) 
-0.0261l"-^-
(0.03564) 
0.03855* 
(0.02726) 
* * * 
0.18149 
(0.07031) 
1.11250 
Increasing 
Figures in parenthesis indicate the standard errors of the estimates. 
* * * * 
* * * 
* * 
* 
n.s. 
Significant at 1 percent probability level 
Significant at 5 percent probability level 
Significant at 10 percent probability level 
Significant at 20 percent probability level 
Not significant 
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step-up production by as much as 0.51 percent from the land input, 0.41 
percent from man-labour, 0.18 percent from seeds, and about 0.04 percent 
from fertilizer. Note that a high elasticity of production is calculated 
for the input of man-labour, suggesting that higher levels of corn 
output might be achieved if extra man-days were devoted to farm 
operation. The addition of capital, on the other hand, would probably not 
return any additional output in this region, as reflected by its 
insignificant regression coefficient. 
Northern Mindanao (Table 11) 
In this area the inputs of land, man-labour capital, fertilizer and 
quantity of seeds all contribute significantly to corn production. The 
production elasticity of land indicates that a one percent increase in 
land area would raise total output by an average of 0.58 percent 
maintaining other inputs at their geometric mean levels. On the other 
hand, the addition of one percent to the labour input would lead to an 
increase of about 0.12 percent to output, whereas, a one percent increase 
in capital approximately adds 0.04 percent to output. Fertilizer is an 
input which also quite significantly affects production in this region. 
Its elasticity shows that a 1 percent increase in the application of 
fertilizer could on average, be expected to increase corn harvest by 
0.09 percent. Corn seed which is a relatively easier resource to 
procure could be expected to raise corn output by 0.16 percent with the 
addition of one more percent to the current seeding rate in Northern 
Mindanao. 
Southern Mindanao (Table 12) 
The production elasticities which seem most significant from the 
analysis of a sample of farms in Southern Mindanao are those of land 
and capital, whose elasticity coefficients are both significant at the 
1 percent level. That of seeds is significant at the 5 percent level. 
The coefficient obtained for the fertilizer input was found significant 
only at the 20 percent level. Labour's elasticity of production did not 
appear significant in this region. 
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TABLE 11 
REGRESSION COEFFICIENTS AND RELATED STATISTICS OBTAINED FROM TTIE 
COBB-DOUGLAS PRODUCTION FUNCTION FITTED TO SURVEY DATA FROM 
NORTHERN MINDANAO, CY 1972-73 
Number of Observations 279 
_2 
Coefficient of multiple determination (R ) 0.7783 
F-ratio 109.44 
(degrees of freedom) 9, 269 
Durbin-Watson statistic 1.7756 
Intercepts in log form (Ai) **** Overall intercept (Ao) 2.33700 
(0.23654) 
Dummy variable for province (Api) ^^^ 
Province 2 (Ap ) 0.16156 
(0.06440) 
^ ^  ^  ^  
Province 3 (Ap ) 0.19094 
(0.07174) 
* * * * 
Province 4 (^Pa^ -0.44876 
(0.08536) 
Dummy variable for time of planting (Ati) **** 
Late crop (At ) -0.12420 
(0.04030) 
Regression Coefficients (Bi) **** 
Area planted (3,) 0.57785 
(0.07102) ** 
Man-labour days (B-) 0.11644 
(0.06167) 
* * * * 
Capital Services ) 0.04326 
(0.01562) 
* * * * 
Fertilizer ( B . ) 0.08939 
(0.01676) 
* * * * 
Seeds, quantity of (B^) 0.16192 
(0.04815) 
Sum of Bi's 0.98886 
Returns to Sclae Constant 
Figures in parenthesis indicate the standard errors of the estimates. 
**** Significant at 1 percent probability level 
*** Significant at 5 percent probability level 
** Significant at 10 percent probability level 
* Significant at 20 percent probability level 
n.s. Not significant 
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TABLE 12 
REGRESSION COEFFICIENTS AND RELATED STATISTICS OBTAINED FROM THE 
COBB-DOUGLAS PRODUCTION FUNCTION FITTED TO SURVEY DATA FROM 
SOUTHERN MINDANAO, CY 1972-73 
Number of Observations 207 
_2 
Coefficient of multiple determination (R ) 0.7109 
F-ratio 51.66 
(degrees of freedom) 10, 196 
Durbin-Watson statistic 1.6191 
Intercepts in log form (Ai) ^^^^ Overall intercept (Ao) 2.21800 
(0.30759) 
Dummy variable for province (Api) 
Province 2 (Ap ) 0.13552"'®' 
(0.15998) 
Province 3 (Ap ) -O.O6OI1"'®' 
(0.13665) 
* * * * 
Province 4 (^P^) 0.62413 
(0.12406) 
* * * * 
Province 5 (Ap ) 0.48520 
(0.14827) 
Dummy variable for time of planting (Ati) 
Late crop (At ) -0.08934'^'®' 
(0.07426) 
Regression Coefficients (3i) **** 
Area planted (3,) 0.59611 
(0.09288) 
Man-labour days (6„) 0.07284'^'®' 
(0.07248) 
* * * * 
Capital Services (3.) 0.10894 
(0.02686) 
* 
Fertilizer (6 ) 0.03055 
(0.02440) 
* * * 
Seeds, quantity of (6 ) 0.20375 
(0.08426) 
Sim of 3i's 1.01219 
Returns to Scale Constant 
Figures in parenthesis indicate the standard errors of the estimates. 
* * * * 
* * * 
* * 
n . s . 
Significant at 1 percent probability level 
Significant at 5 percent probability level 
Significant at 10 percent probability level 
Significant at 20 percent probability level 
Not significant 
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In terms of physical production, the elasticities tend to show that 
a one percent addition to farm size would lead to 0.60 percent increase 
in total corn output, other factors held constant. Capital is an 
important factor of production for which the addition of one percent 
of the factor to the production process in expected to bring about 
approximntely 0.11 percent increase in total corn product. Fertilir.or 
influences production in this region and the addition of one percent 
of this input, on the average, would result in an increase of 0.03 
percent in total production. Labour which is a major component in 
the farm operation does not appear to be a contributing factor to output 
in this region. 
3.1.3 Returns to Scale 
As already pointed out in Section 2.3 of Chapter 2, the sum 
of the output elasticities, represented by the estimated regression 
coefficients, measures the returns to scale. 
Before we proceed with the discussion of scale returns, two points 
should bo noted in the present analysis of the corn function. Firstly, 
the variation in corn output in each of the regions investigated is 
attributed not just to the five economic variables earlier identified, 
v i z . land, labour, capital, fertilizer and seeds, but quite substantially 
also to the effects of geographical location of the farms in the region, 
to the influence of cropping season, and to the effects of planting 
time within the crop season. It should be recognized that inherent 
differences brought about by soil types, land contours, and rainfall 
exist among provinces even within a region and invariably contribute 
to differences in corn production.^ Recall that diommies were introduced 
^ Heady, E . O . and Dillon, J . L . (1961) made distinctions between 
"physical returns to scale", incorporating all inputs, and "economic 
returns to scale" which includes only those inputs under the control 
of the entrepreneur. 
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to represent the groupings which the survey data identified. Secondly, 
not all the elasticities of production in some of the regions under 
study are significant. The latter point puts a limitation on the 
interpretation of returns to scale in regions where many of the production 
elasticities are not statistically significant. Therefore, one should 
only take it with caution. These regions are, Cagayan Valley, Bicol, and 
Eastern Visayas. Their respective summations of factor elasticities arc 
substantially less than 1 for Cagayan (0.68), Bicol (0.70), and Western 
Mindanao (0.87), indicating decreasing returns to scale. A tendency 
towards constant scale returns more nearly describes farm operations 
for Eastern Visayas (Zb^ = 0.97), counting non-significant coefficients 
as zero elasticities. 
The production elasticities for Western Visayas are all significant 
at the acceptable levels. These elasticities add up to 0.93 which 
strongly suggests decreasing returns to scale. 
Three other regions, viz.. Central Visayas (Eb^ = 1.01), Northern 
Mindanao (Eb. = 0.99) , and Southern Mindanao (Eb. = 1.01) exhibit 1 1 
production elasticities which add up to close to unity. That is to 
say, if all those factors of production (i.e. land, man-labour, capital, 
fertilizer, and seeds) were to increase simultaneously by one percent, 
the total physical product of corn that could be expected in each of 
the regions would increase by approximately one percent also. 
In Northern Mindanao an increasing returns to scale (i.e. 
Eb. = 1.11) more appropriately describes farming operations of smallholder 
corn farmers. However, the non-significant elasticity coefficient for 
capital input indicates that further addition to currently existing 
amount of this factor may not be advisable. 
3.1.4 Marginal Productivities 
The estimated marginal productivities taken at the geometric 
mean of the input factors are shown in Table 5. The marginal productivity 
^ Using the Cobb-Douglas production function, Bardhan, P. K. (1973) has 
similarly found strong evidence of constant, decreasing, and increasing 
returns to scale among paddy and wheat farms in various districts of 
India. 
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of an input indicates the incremental amount of output which, on the 
average, is expected from the addition of one more unit of the productive 
factor. In a Cobb-Douglas production function, it in calculated as: 
Elasticity x Moan quantity of output 
Mean quantity of an input 
This is simply the first derivative of the function with respect to 
an input. Table 14 presents the values of marginal productivities of all 
the inputs. These values have been calculated at the geometric mean of 
the inputs and outputs as shown in Table 13. 
Marginal productivities were calculated using these geometric means, 
instead of the more usual arithmetic means. The reason is, that the 
usual skewness of the distribution of agricultural variables, make use 
of the geometric mean more relevant. Moreover, the application of least 
squares method to the logarithmic data suggests the use of the 
geometric mean (Ahmad, 1972). 
As can be seen on Table 5, a substantial difference in the marginal 
productivity of farm resources within each region is indicated. Similarly, 
a wide variation of marginal productivity estimates from region to region 
is estimated. 
Cagayan valley 
In this region the marginal productivity obtained with respect to 
land is about 7.9 cavans. This means that the addition of one hectare 
of land to the present average farm size (0.876 hectare) in Cagayan 
Valley would on the average, be expected to add about 8 more cavans of 
corn to the total harvest of the farm, assuming, however, that the use 
of the other inputs are held at their present geometric mean levels. 
With respect to man-labour, the marginal product of an extra day's work 
is calculated at 0.10 of a cavan of corn. On the other hand, the 
contribution of an extra peso of capital could probably raise corn 
output by about 0.02 cavan of the cereal. There were only very few 
reports taken on fertilizer use, hence, the parame-ter corresponding to 
this input could not be reasonably calculated. The negative regression 
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coefficient obtained for seeds makes it needless to report its 
corresponding MPP. 
Bicol Region 
The negative production elasticity estimated from the input of man-
labour in this part of the country tends to reflect the excess supply of 
labour or the redundant use of this input in corn farms. Due to the 
negative sign of the elasticity, the marginal product of labour was not 
computed. The same result is obtained for the input of capital. However, 
given the fact that both coefficients are not statistically significant, 
any further interpretation of the results could be meaningless at this 
stage. 
The marginal products with respect to the use of land and seeds are 
6.30 and 2.10 cavans of corn, respectively. 
At the rate resources were used in Bicol farms and the fact that 
cropping seasons had been significantly unfavourable (see coefficients of 
season dummies) to corn production, would suggest that (1) the reduction 
of labour in corn farms would not reduce output, and (2) re-scheduling 
farm operations may be desirable to evade or minimize negative seasonal 
effects. The negative coefficients of crops 1 and 2 indicate the 
differential seasonal effects on output compared with the third crop. 
Growing corn during the third crop season is therefore advised. 
Western Visayas 
In this region, and on the average, the marginal productivities 
representing each of the existing farm inputs are all found positive. 
Moreover, except for labour which the marginal product per additional 
man-day is only 0.03 cavan, the rest of the inputs, particularly capital 
services, fertilizer, and seeds, indicate higher physical returns to 
the extra application of a unit of these resources, as compared to the 
regions of Cagayan Valley and Bicol. The marginal product of capital 
is found to 0.06 cavan per peso invested; that for an additional 
kilogram of fertilizer is 0,20 cavan; and 2.73 cavans per additional 
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sack of seeds planted. The high marginal productivity of seeds implies 
that, on average, much lower seeding rate than optimal had been practised 
in the greater number of farms in the region, or better varieties of com 
seeds had been planted. 
Central Visayas 
It has been mentioned elsewhere in this Chapter that Central Visayas, 
which comprises the provinces of Cebu, Bohol and Negros Oriental, is a 
region where corn is a staple food. It has been noted also that farm 
sizes in this region are on average less than 1 hectare (see Appendix 2). 
These and the fact that the man-land ratio in this region is so high 
(see Appendix 5) could have provided the conditions that led to the 
marginal productivities being relatively low for land (3.40 cavans) 
compared to other regions and low for labour (0.03 cavan). On the other 
hand, the marginal productivity with respect to capital is 0.20 cavan, 
which compared to the other corn-growing regions is relatively high 
(Table 5). With seeds, it is calculated that the addition of a cavan 
to the usual seeding rate is expected to bring eibout 4 cavans. Again 
it should be borne in mind that such expectation is attainable only in 
view of the farm conditions (e.g. cultural practices) obtaining in 
this region. 
Eastern Visayas 
The significance tests of the production elasticities of farm 
inputs in Eastern Visayas seem to show that only land and seeds would 
be expected to improve the performance of corn production in that area. 
That is to say, additional units of land and/or of seeds are the two 
factors which may only provide substantial increases in harvests. The 
insignificant elasticity coefficients for the inputs of labour and 
capital merely indicate that extra use of these inputs cannot be 
expected to yield additional grains. 
However, it is interesting to recognize that of the three Visayan 
regions Eastern Visayas is the relatively less populated area. 
Theoretically, therefore, and assuming that farm population growth in the 
region could be reduced it may be possible to open up farm lands since 
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vast areas of cultivable lands in the provinces comprising this region 
have been reported as still idle (NEDA Report, 1970). With respect to 
land it is estimated that a hectare of land added, holding other factors 
fixed at their geometric mean quantities, would lead to an increase 
of 7.6 cavans total output. It is surprising that the addition of one 
cavan of seeds to the existing seeding rate could lead to an increase 
of 9.65 cavans to output. This implies that an extra effort to apply 
a little more of this input particularly the high yielding variety 
which could be already available in the region would still pay. 
Western Mindanao 
It is only the inputs of labour, fertilizer, and seeds which yielded 
positive marginal products in this region of southern Philippines. For 
land and capital inputs, the coefficients obtained, though negative, are 
statistically significant and therefore, do not provide enough evidence 
that additional units of these factors would add to total production per 
farm in Western Mindanao. 
Labour input has a substantially high marginal productivity of about 
0.18 cavan per additional man-day devoted to corn-growing operations. 
The region has, in fact, the highest MPP for labour in comparison with 
other regions. The marginal productivity with respect to fertilizer 
is 0.7 of a cavan which means that an extra kilogram of this input 
is exceedingly worthwhile if such addition would not jeopardize the 
use of other factors whose MPP's are similarly high. 
The MPP of seeds in this area is highest among the regions (15 cavans) 
indicating an exceptionally high harvest if only this type of resource 
is given the right proportion in the allocation of farm inputs. 
Northeastern Mindanao 
It is in this particular region and in the northern and southern 
part of the island of Mindanao where most corn grain in the country is 
gorwn and where corn farming is relatively more commercialized. The 
MPP obtained for land is 5.49 cavans for a hectare of additional area 
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while the MPP for labour input is 0.13 of a cavan per extra man-day 
utilized. The addition to fertilizer input would still lead to a 
further increase in total production by about 0.12 cavan for a 
kilogram of this input. The current rate of seeding is quite low as 
reflected in the MPP of nearly 9 cavans for seeds used in crop year 
1972-73. In other words, the extra use of one cavan of corn seeds to 
the present seeding rate could be expected to bring about 9 more cavans 
of grain assuming that the complementary inputs are maintained at their 
geometric mean levels in the region. The increase in seeding rate 
implied here may not exactly refer to absolute magnitudes because one 
should recognize the limits (i.e. optimum plant population) which a 
given farm area can accommodate. 
Northern Mindanao 
Based on their respective marginal productivities, it seems more 
likely that at the rate farm resources are combined in the northern 
provinces of Mindanao the objective of increasing corn output may be 
realized only if extra efforts could be given to raising fertilizer 
use and seed quantities. Since land is an input of production which 
is nearly impossible to vary, the other factors which are equally 
important (i.e. labour, capital, fertilizer and seeds) deserve the more 
realistic attention. The analysis of corn farming in this area suggests 
that not much improvement can be expected with the additional use of 
labour and capital but if resources would still permit the additional 
application of commercial fertilizer and seeds could be expected to 
provide higher yields. 
Southern Mindanao 
Of the production factors which are within relatively easy command of 
farmers to manipulate, the inputs of labour, capital services, fertilizer 
and seeds indicate varying sizes of marginal products. Labour, 
particularly, has a very low marginal product of only 0.05 cavan as 
compared to the use of capital items and fertilizer whose separate 
marginal effects are estimated at approximately 0.24 and 0.27 of a 
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cavan of corn, respectively. The seed input, on the other hand, could 
be expected to add up to about 11.6 cavans to the cereal's total output 
should the seeding rate be increased by one more sack from the levels 
used during crop year 1972-73. 
3.2 On the test of equality of production functions between "small" 
and "large" farms 
It will be recalled from Section 1.8 of Chapter 1 (i.e. on 
measurement and identification problems) that the land input would be 
distinguished between "small" and "large" and would be tested on the 
basis of the null hypothesis that production functions between farm 
sizes are equal. We verified this using the F-test of Chow (1960) - a 
method which tests the equality between sets of coefficients of two 
samples which in the present case is between small and large farms. 
The result is shown in Table 15. 
The homogeneity of the production functions between corn enterprises 
of small and large areas has been indicated in six of the nine regions. 
On the other hand, a significant difference between the two functions 
is obtained in the three regions of Cagayan Valley, Central Visayas, 
and Northern Mindanao. The next approach then would have been to 
identify which of the coefficients (or variable inputs) in the two 
functions contribute significantly to the differences. This writer has 
decided to differ from the more detailed follow-up analysis suggested 
by that finding for the following reasons: (1) the average production 
function fitted to the data is intended to reflect farming situation on 
a regional level, (2) the effect of the dummies (e.g. provinces) may 
have contributed largely to differences in the two functions, and (3) 
there was not much time available to pursue the analysis in greater 
detail. 
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TABLE 13 
GEOMETRIC MEANS OF OUTPUT AND INPUTS BY REGION, 
PHILIPPINES, CROP YEAR 1972-73 
Region Gross Output Land 
Inputs 
Man-
Labour Capital Fertilizer Seeds 
Cagayan 
Valley 
Bicol 
Western 
Visayas 
Central 
Visayas 
Eastern 
Visayas 
Western 
Mindanao 
North-E. 
Mindanao 
Northern 
Mindanao 
Southern 
Mindanao 
(Sack) 
13.52580 
6.57779 
3.53884 
4.06820 
5.77708 
11.47877 
12.41120 
21.49455 
20.49742 
(Hectare) (Man-day) (pesos) (kilo) 
0.87619 20.90105 
0.73833 22.56499 
0.43811 17.58944 
9.79429 
5.91564 
5.66043 1.60957 
0.56894 19.87175 3.02920 1.59545 
0.52268 21.64770 4.18079 
1.19011 23.57529 10.68669 1.68368 
1.15255 38.14518 13.41400 3.95428 
(Sack) 
0.31873 
0.29588 
0.13336 
0.16395 
0.16842 
0.35268 
0.25551 
1.43492 44.32722 19.69568 1.92936 0.55376 
1.28173 33.02613 9.43098 2.29497 0.36027 
A sack of corn grain is equivalent to 57 kilograms 
One man-day is measured as 8 hours of work 
Number of observations was insufficient to make an 
estimate for the region 
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TABLE 14 
riARGINAL PRODUCTIVITIES ESTIMATED AT THE GEOMETRIC MEANS OF 
INPUTS AND OUTPUT, BY REGION, PHILIPPINES, CROP YEAR 1972-73 
Region 
Land 
With 
Man-Labour 
respect to 
Capital Fertilizer Seeds 
(Cavan) (Cavan) (Cavan) (Cavan) (Cavan) 
Cagayan Valley 7.B'760 0.0984 0.0154 a b 
Bicol 6,2904 b b a 2.0617 
Western Visayas 3.8418 0.0324 0.0607 0.1964 2.7266 
Central Visayas 4.2573 0.0268 0.1953 b 3.9297 
Eastern Visayas 7.5936 0.0170 0.0290 a 9.6453 
Western Mindanao b 0.1785 b 0.7005 15.1621 
North-Eastern 
Mindanao 
5.4933 0.1329 b 0.1210 8.8157 
Northern Mindanao 8.6560 0.0565 0.0472 0.9959 6.2850 
Southern Mindanao 9.5330 0.0452 0.2368 0.2729 11.5922 
Due to the insufficiency of respondents reporting the use of this 
input the calculation of the regression coefficient was excluded 
The estimated regression coefficient for this input was negative 
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TABLE 15 
RESULTS OF F-TESTS OF EQUALITY BETWEEN 
SETS OF COEFFICIENTS OF SMALL /\ND LARGE CORN FARMS 
NINE SELECTED REGIONS, PHILIPPINES, CY 1972-73 
Region 
Statistics 
description 
All Farms Small 
e 'e 1 
Large 
e'e 2 2 
Cagayan Valley 
RSS ^ 
D.F.^ 
F-Ratio 
Hypothesis 
accepted 
19.11927 
9, 127 
4.62569' 
No 
**** 
10.13262 4.03146 
9, 92 9, 25 
(.05; 9, 119) 
Bicol Region 
RSS 
D.F. 
F-Ratio 
Hypothesis 
accepted 
21.03730 
9, 87 
1.42534 
Yes 
n. s. 
16.65467 
9, 67 
(.05; 9, 79) 
1.44379 
9, 10 
Western Visayas 
RSS 
D.F. 
F-Ratio 
Hypothesis 
accepted 
15.68189 
12, 85 
0.684025 
Yes 
n. s. 
10.69020 3.42589 
12, 53 12, 19 
(.05; 12, 74) 
Central Visayas 
RSS 
D.F. 
F-Ratio 
Hypotheses 
accepted 
82.27476 
8, 300 
2.5009l' 
No 
* * * 
53.43637 22.57944 
8, 196 8, 95 
(.05; 8, 293) 
Residual sum of squares (i.e. residuals from regression) 
b Degrees of freedom 
**** significant at 1% probability level 
*** significant at 5% probability level 
n.s. Not significant 
TABLE 15 (continued) 
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Region 
Statistics 
description 
All Farms Small 
e 'e 
Large 
Eastern Visayas 
RSS 
D.F. 
F-Ratio 
Hypothesis 
accepted 
30.17276 
10, 94 
0.48764 
Yes 
n. s, 
22.58772 5.94797 
10, 56 10, 27 
(.05; 10, 85) 
Northeastern Mindanao 
RSS 
D.F. 
F-Ratio 
Hypothesis 
accepted 
21.92449 
9, 93 
0.50542 
Yes 
n .s, 
13.28669 7.52419 
9, 54 9, 38 
(.05; 9, 85) 
Northern Mindanao 
RSS 
D.F. 
F-Ratio 
Hypothesis 
accepted 
28.51854 
9, 269 
2.48152' 
No 
* * * * 
14.06436 12.20622 
9, 136 9, 123 
(.05; 9, 261) 
Western Mindanao 
RSS 
D.F. 
F-Ratio 
Hypothesis 
accepted 
10.14106 
6, 85 
1.64917 
Yes 
n. s, 
6.12470 2.90010 
6, 63 6, 18 
(.05; 6, 80) 
Southern Mindanao 
RSS 
D.F. 
F-Ratio 
Hypothesis 
accepted 
44.11396 
10, 196 
1.141155 
Yes 
n. s. 
26.55530 15.02153 
10, 118 10, 67 
(.05; 10, 187) 
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Chow Test: 
(e^e^ + e'2e2)/(n+m-2p) 
where: 
e'e = sum of squares of (n+m) deviations of the dependent 
variable from the regression estimated by (n+m) 
observations, with (n+m-p) d.f. 
~ squares of (n) deviations of the dependent 
variable from the regression estimated by the first 
(n) observations, with (n-p) d.f. 
~ squares of (m) deviations of the dependent 
variable from the regression estimated by the 
second (m) observations, with (m-p) d.f. 
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CHAPTER 4 
MARGINAL RETURNS TO FACTORS OF PRODUCTION 
On the basis of the average production function estimated for each 
region the preceding Chapter has pursued the discussion of production 
elasticities and marginal physical products pertaining to each of the 
inputs. 
So far it has been observed that the magnitudes of the MPPs of the 
various types of inputs have not been quite consistent among regions. 
At the extreme, the production elasticities for certain inputs in some 
regions were found negative. 
Nevertheless, with the inputs whose elasticity coefficients are 
positive and statistically significant, it is important to evaluate 
allocative efficiency (i.e. price efficiency) to see the extent to 
which resources used by sample smallholder corn farms in the Philippines 
had been optimally mixed. Thus, to form an opinion about the resource 
mix this Chapter is devoted to the discussion of marginal returns in 
relation to the marginal cost of the factors of production. Allocative 
efficiency is tested using equation (2.10) of Chapter 2. 
Marginal returns or, alternatively, marginal value product with 
respect to an input is defined as 
(MPP of input, x^) X (the unit price of output, y) 
This study has assumed that the unit price of corn grain harvested 
within any particular corn-growing region was fairly uniform (i.e. no 
significant price variation). A similar assumption is carried through 
as regards the per unit cost of the inputs specified in this investigation, 
In their study of production and market relationships for corn 
in the Philippines, Mangahas, Recto and Ruttan (1965) did not find 
significant seasonal variations of farm prices in either white or 
yellow corn. However, prices did vary from region to region. 
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Comparison of farm prices from province to province or from farm to 
farm within a region is not available. Nevertheless, it is felt that 
"within region prices" would not vary markedly for the following reasons; 
(1) the government support price in being implemented vigorously and 
recognised in the provinces, (2) dissemination of farm price information 
reaching rural areas through radio and local newspaper has been going 
on since 1969, (3) ACA agents are established in all provinces making 
fertilizer and other farm inputs available at subsidized prices, and 
(4) the declaration of Martial Law in September 1972 is felt to have 
substantially minimized, if not totally stopped, unscrupulous practices 
of corn traders. 
In light of these assumptions data for monthly prices received 
for corn by farmers and prices paid by farmers for individual inputs 
as gathered and reported by the Bureau of Agricultural Economics, 
during crop year 1972-73 were used. 
4.1 Marginal Value Product 
Land The absence of primary data on the current market value 
and/or rental payment for land used for corn production posed a 
limitation on obtaining a more precise measurement of land-use 
efficiency. To cope with that problem the "fixed cost" data which 
the Bureau of Agricultural Economics calculated in its study of corn 
production cost in 1973 was used. 
Table 16 presents a comparison of the MVP of land with the per-
hectare land rent estimated by region. It will be seen that except 
for the region of Western Mindanao (where b^^ is negative), all the 
MVPs of land from Cagayan Valley region to southern Mindanao are 
substantially higher than their corresponding land rent per hectare. 
The difference between the marginal value product of land and 
land rent (i.e. net MVP) ranges from ^63.55 in Western Visayas to 
g205.31 in Southern Mindanao. The size of this net MVP depends upon 
^ Primarily land rent 
TABLE 16 
o MARGINAL VALUE PRODUCT OF INPUTS IN RELATION TO INPUT PRICES IN SELECTED CORN PRODUCING REGIONS, PHILIPPINES, CROP YEAR 1972-73 
REGION 
Cagayan Valley 
Bicol 
Western Visayas 
Central Visayas 
Eastern Visayas 
Western Mindanao 
N-Eastern Mindanao 
Northern Mindanao 
Southern Mindanao 
INPUT 
Land 
^^ VP P/Ha. 
Man-Labour 
tWP P/M-D 
Capital 
MVP P/K 
(pesos) (pesos)(pesos.pesos) 
241.56 70.62 2.97 3.58 
196.83 48.62 b 
123.82 60.27 1.04 3.71 
127.63 57.81 0.80 3.16 
248.31 76.25 0.56 3.16 
b - 5.72 4.14 
163.87 88.58 3.96 4.40 
258.21 88.58 1.69 4.40 
304.96 99.65 1.45 4.14 
(pesos) (pesos) 
1.00 
Fertilizer 
MVP P/Kg. 
Seeds 
MVP P/Cav. 
0.47 
b 
1.96 
5.86 
0.95 
b 
b 
1.41 
7.58 
1.00 
1.00 
1.00 
1.00 
1.00 
(pesos) (pesos) (pesos) (pesos) 
a 
a 
6.33 
b 
a 
22 .43 
3.61 
29.71 
8.73 
0.18 
0.40 
0.38 
0.38 
0.58 
b 
64.51 
87.88 
117.81 
315.40 
485 .49 
262.97 
187.48 
370.84 
31.29 
32 .23 
29.98 
32.70 
32 .02 
29.83 
29.83 
31.99 
a Insufficient observation 
b Negative elasticity 
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the prevailing rent for agricultural lands in the different regions, the 
size of the marginal product of the land input, and the prevailing price 
of the coinmodity in these regions during the particular cropping season. 
Without dealing further with the magnitude of the regional net 
MVPs of land one finds that as far as corn farming is concerned, it is 
likely that land rents are not a true reflection of their market value. 
At this stage when the demand for the cereal as food and livestock feeds 
is so high it seems implausible to argue that the underutilization of 
corn lands would have happened. Note that average farm areas are small 
(see Appendix 2) and as will be seen shortly labour inputs have been 
quite overutilized in these agricultural areas. 
If it is, in fact, true that the rental cost of land use is low 
relative to the marginal returns to land, some form of intensive 
cropping could perhaps be done thereby enabling other complementary 
inputs to be used optimally as well. This, however, may be theoretically 
correct but does not necessarily have much practical application to 
actual corn farming in the Philippines because as Haswell (1973) observes, 
"theoretical environmental possibilities for plant growth in the tropics 
often cannot be fully exploited because a perfect 'fit' of cropping to 
climate cannot be obtained for natural or economic reasons. Thus, it 
is impossible to plant all crops exactly at the beginning of the rainy 
season when they would derive benefit from it, both because the soil 
may have been too hard to cultivate on account of the preceding dry 
season (hence, precious weeks have to be wasted in this operation) and 
because so much simultaneous planting makes an impossible demand 
on labour resources". Furthermore, the variability and poor 
distribution of rainfall even within a region reduces the reliability of 
yields to a low level. 
Human Labour The marginal productivity of labour is the additional 
product obtained when an additional man-hour or man-day of labour is 
applied to the same land. Where the value of the marginal product of 
labour is less than the wage rate it can be asserted that surplus labour 
exists. Theoretically, for profit maximization, labour should be 
employed in each farm enterprise until its marginal value product in 
the enterprise equals the cost of the last unit of labour. 
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To determine the allocative efficiency of smallholder corn farms 
with respect to labour utilization in each region, the MVP of labour was 
compared to the average farm wage rate. Table 16 presents regional 
estimates of the MVPs of labour in relation to the per-day wage rates^ 
in the selected regions. 
All regions exhibit wide deviations between their labour returns 
and farm wage rates. The net MVPs of labour in two regions of Cagayan 
Valley and Northeastern Mindanao (more widely known corn growing regions 
in the Philippines) were calculated at -g0.61 and -P0.44, respectively. 
Aside from being negative, the net MVPs were found to be large in 
Western Visayas (-g2.67). Central Visayas (-P2.36), Eastern Visayas 
{-92.60), Northern Mindanao (-P2.71) and Southern Mindanao (-P2.69). It 
was only in Western Mindanao where returns to labour at the margin 
was higher by PI.58 over the average regional wage rate. 
It appears, on the basis of these results, that agricultural 
labour surplus (in terms of corn farming) was widely spread among the 
regions in the Philippines so that labour was redundantly used. 
The test of efficient labour utilization is where the marginal 
value product of labour equals the corresponding labour price which in 
this exercise is the wage rate. None of the regions meet this 
condition. However, before any statement about price inefficiency 
could be made about these results it seems appropriate to view them 
in light of the assumptions under which the efficiency test was based. 
That is to say, the assumption of uniform wage rates among farms or 
provinces from, which sample farms were taken could be questionable. In 
other words, an imperfect labour ma,rket m.ight have been the true 
situation so that wages were in fact varying substantially from province 
to province within a given region or within the farm itself between 
family and hired labour. 
On the other hand, if in fact, a comm.on wage rate exists then the 
low marginal labour returns obtaining over the majority of the corn 
^ Wage rates data are based on farm wages reports prepared monthly by 
the Bureau of Agricultural Econom.ics, Quezon City 
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fo.rming areas invokes the economic rationality of the prevailing 
agricultural money wage rates. An analysis of farm wages in relation to 
economic and labour conditions in the rural sector provides some indication 
of the usefulness of the prevailing wage rate as a balancing level between 
the MVP of labour and the prescribed minimum. 
Using the farm wages data of 1954/55 to 1971/72, Librero and de Jesus 
(1974) concluded that in real terms farmers (including farm labourers) were 
better off during the period between 1954/55 and 1965/66. It was within 
this period when farm labourers' prevailing wages were observed to be a 
bit higher than the prescribed minimum. However, in subsequent years from 
1966/67 to 1971/72 the rate at which daily cost of living was rising 
overweighed the agricultural money wage rates farmers or farm workers 
received. In fact from 1963 onwards up to 1971, perhaps after the 
passage of the law increasing the minimum agricultural wage, the going 
farm wages rose only up to an amount comparatively lower than the 
minimum. 
The policy implication of these findings seems to be a "compromise 
wage" that lies between the IWP of labour and the minimum wage. The 
prevailing wage rate appears to function as the "compromising wage" for 
if optimum labour-use is to be pursued, a reduction of the present 
labour intensity in corn farms may be theoretically appropriate but 
consequently would cause an overflow of misplaced labourers to urban 
industries. 
One of the important shortcomings of the simplistic analysis so far 
presented is the possibility of bias created by (1) the aggregation of 
labour com.positions which may not be really homogeneous (e.g. quality 
differences between family and hired labour, sex, age and educational 
differences among farm workers) and (2) the collection of labour data 
on single-farm enterprise which may have contributed to some over-reporting 
of this input. Questions relating to efficiencies of different labour 
compositions will be taken up in more detail in the next Chapter. 
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Capital In this study, capital services equal the money value of 
such items as depreciation of farm or storage sheds, ploughs or tilling 
equipment, farm tools of various types, interest paid for crop loans and 
expenditures incurred on land improvement, viz. fences and drainage system, 
if any. 
The question of how well the aggregated capital input of various 
compositions performs in the production process of an average corn farm 
can be interpreted from Table 16. It is seen that in all regions where the 
estimated elasticity coefficients of capital were found positive, the 
MVPs of capital are higher than their corresponding peso spent. Indeed, 
it is reasonable to obtain this relationship since capital is a relatively 
more scarce input in the context of smallholder corn farms in the 
Philippines. VJithin the range of available capital resources, farmers 
tend to make the optimal use of capital as may be deduced from the 
relationship of the marginal value product of capital and the corresponding 
pesos spent in the corn farms of Eastern Visayas (P0.95 per pesos). The 
rates of return per pesos investment in the regions of Cagayan Valley, 
Western Visayas and Northern Mindanao amounted to P0.47, PI.96 and 
PI.41 respectively. Severe under-utilization of the capital input was 
revealed in the fanning regions of Central Visayas (P5.86/Pl.00) and 
Southern Mindanao (P7.58/Pl.00). 
Fertilizer In the history of Philippine agriculture the use of 
inorganic or chemical fertilizer is not a very recent innovation although 
the application of this input probably started to spread to a much wider 
area during the mid-fifties when government agencies were organized to 
administer extension work and distribution of fertilizer at subsidized 
1 prices. 
It appears at the present stage of development in Philippine 
farming that while fertilizer technology is no longer foreign to many 
Filipino farmers, they have not, in general, intensified their use of 
it to levels at which optimum benefit could be derived. A look at the 
marginal value productivities of fertilizer in relation to the per-
kilogram price of this resource provides an indication of the insufficient 
^ The Agricultural Credit and Cooperative Financing Administration, now 
ACA, was established in 1952 to provide farm loans and administer the 
sale of fertilizer. 
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use of it. This is shown particularly in the regions of Western Visayas 
(net MPV = P6.15), Western Mindanao (net MVP = P22.03), Northeastern 
Mindanao (net MVP = P3.23), Northern Mindanao (net MVP = P29.33), and 
Southern Mindanao (net rWP = P8.15) 
Earlier studies (Quintana, 1965) indicated that two of the major 
reasons why farmers hesitate to use fertilizer are the inadequacy of 
cash or credit with which to purchase this input and the lack of 
fertilizer supply in the community at the time it is needed. It was, 
however, noted that only a small percentage of the non-users gave "high 
price" as reason for their non-use of fertilizers. 
Furthermore, it should not be overlooked that in farming situations 
where corn is generally unirrigated, the growth of the crop is also 
dependent upon the climatic factors, e.g. rainfall, and therefore, the 
rate of fertilizer application may have been conditioned by circumstances 
brought about by weather conditions.^ 
If fertilizer can be procured at the time when needed and if the 
required operating capital can be had, the constraint on optimizing 
farm returns in terms of the input of fertilizer may be overcome with 
proper crop timing and with irrigation facilities made available. 
Seeds The demonstration effect brought aJDOut by the advent of 
the high-yielding varieties of rice in the Philippines seems to have 
provided corn farmers only lately with a new recognition of the 
importance of this input (i.e. the high yielding corn seeds) for corn 
production. 
Sometime in 1966 the Intensified Corn Production Program was 
initiated by the Department of Agriculture and the U.P. College of 
Agriculture. The immediate aims of the Program were the following: 
^ As calculated from Table 16. 
^ Most corn in the Philippines is grown in upland areas or lowlands 
which are rainfed. Rice dominates the regions where irrigation 
is available. 
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training of extension technicians and farmer-cooperators, establishment 
of variety, fertility and demonstration trials in selected provinces, 
and disseminating improved corn seeds to localities where farmers would 
cooperate. 
This study cannot provide evidence of the extent of the diffusion 
of the new seed-technology. However, it is doubtful that the Program 
has been able to reach the majority of corn farmers and provide them 
with extension advice on the proper seeding rate for high-yielding 
corn seeds. 
The evidence is that the rate of seeding has been underestimated 
by corn producers. The optimum use of seeds, if such was within the 
farmers' objective, was not attained by them at least during the crop 
year 1972-73. 
It is surprising to find the MVPs of seeds ranging between two 
to fifteen times the cost of seeds used. The highest return to a cavan 
of seed valued at 32 pesos registered in Western Mindanao at e485.49. 
The lowest of the MVPs of seed was recorded in Bicol at P64.51. Even 
assuming that the true cost per cavan of improved corn seeds was more 
than assumed here, it may still be, on the basis of the magnitude of 
its current MVP that the marginal return to seed would be substantial 
in the regions of Central Visayas down to Southern Mindanao. 
4,2 On the Optimum Level of Input Use Under Resource Constraints 
We have already discussed above the situation obtaining in the 
corn farming regions with respect to efficiencies or inefficiencies in 
the utilisation of the various factors of production. 
The evidence so far gathered strongly suggests widespread 
misallocation of resources in corn farms. Particularly for human labour 
we find that it was overutilised in most of the regions. Under-
utilisation of capital, fertilizer, and seeds was more prevalent at 
varying magnitudes from region to region. 
What then could have been done given the same amount or quantities 
of physical resources? An exercise with four of the regions will shed 
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light into the optimum allocation of these resources under two situations, 
viz., assuming that capital fund is restricted with land area fixed as 
they were and assuming that capitalisation alone is constrained. 
Only the regions of Western Visayas, Eastern Visayas, Northern 
Mindanao and Southern Mindanao have been included for this analysis. 
The selection was based mainly upon the fact that their production 
elasticities for various inputs used were all positive. The result 
of the calculations is presented in Table 17 and Table 18. 
(1) Capital fund limited, land fixed 
A comparison of the observed input levels (Col. 2, Table 17) 
with the estimated "optimum" (Col. 4, Table 17) suggests that in all 
four regions expenditure on man-labour would have to decrease 
substantially from an average of P65 to 921 in Western Visayas; from 
P68 to P14 in Eastern Visayas; from P195 to P66 in Northern Mindanao; 
and from P137 to only P28 in Southern Mindanao. Their corresponding 
equivalents in physical terms are shown in Table 18. 
On the other hand, for the remaining inputs, i.e. capital services, 
fertilizer and seeds, it is indicated that levels of their use will 
have to be increased substantially from their current geometric mean 
levels. This is to be expected since a reduction made from the labour 
input will have to meet its corresponding adjustment in the other 
productive factors. Of more interest is fertilizer which appears to be 
a single input, the use of which would have to be increased most. These 
deterministic estimates of optima indicate that the current level of 
fertilizer application should increase from the current 2 kilos to 83 
in Western Visayas, from 2 to 133 in Northern Mindanao, and from 2.3 to 
20 kilos in Southern Mindanao. Presumably, part of the farmer's 
reluctance to use a purchasable input such as fertilizer reflects the 
fact that crop farming being affected by climatic variability is not 
a non-risky undertaking.^ It should also be recognized that these 
^ On the issue of risk an interesting article has been written by 
Dillon, J. L. and Anderson, J. R. (1971). It discusses allocative 
efficiency based on (expected) utility maximisation in the face 
of subjective risk. 
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quantities do not necessarily reflect the optimal rate in respect to 
component nutrients (i.e. nitrogen, phosphorous and potassium). 
Nevertheless, indications are that the optimal total levels (irrespective 
of nutrient composition) would more or less be as calculated above.^ 
(b) Capital fund limited, all other resources variable 
If all other resources are allowed to vary within the capital 
fund restriction, what we find is that the optimum level of use for 
inputs other than land would be lower than when land is fixed. Never-
theless, this decrease is partly offset by an increase in the expenditure 
for land (Col. 5, Table 17). This seems to further confirm earlier 
indications that land needs to be used more extensively to achieve 
its optim\jm contribution. 
Where land expansion is feasible and where the complementary inputs 
such as capital items (i.e. tools and equipments) and fertilizer are 
scarce this readjustment may be desirable. Unfortunately, to pursue 
the suggested physical magnitude of reduction in the labour input in 
the face of high unemployment does not seem to be a realistic proposition 
1 Deomampo, N. R. (1971), in his economic analysis of nitrogen fertilization 
for corn in 1968, indicated that the most profitable rate of fertilizer 
application was between 45 to 90 kg. nitrogen per hectare if there were 
fewer plants. The plant density of 40 thousand per hectare would require 
the application of 135 to less than 180 kg. of nitrogen to achieve the 
most profitable level. 
TABLE 17 
OPTIMUM /ALLOCATION OF LIMITED CAPITAL FUND 
WITH AND WITHOUT RESOURCE LIMITATION, 
SELECTED REGIONS, PHILIPPINES 
(in value terms) 
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Region 
Inputs 
Geo-
metric 
mean 
Marginal 
Value 
Product 
Per Peso 
"Optimum" 
level w/ 
limited 
capital-
isation 
& land 
fixed 
"Optimum" 
level w/ 
limited 
capital-
isation 
alono 
(1) (2) (3) (4) (5) 
pesos pesos pesos pesos 
VffiSTERlM VI SAY AS 
Land 26.52 2.05 26.52 52.37 
Man-labour 65.26 0.28 26.96 17.72 
Capital services 5.66 1.96 16.26 10.69 
Fertilizer 0.29 35.17 14.96 9.83 
Seeds 4.19 2.73 17.21 11.31 
EASTERN VISAYAS 
Land 39.65 3.26 39.65 76.86 
Man-labour 68.41 0.18 13.61 7.13 
Capital services 4.18 0.95 4.49 2.35 
Fertilizer a - - -
Seeds 5.56 9.65 60.06 31.46 
NORTHERN MINDANAO 
Land 126.67 2.91 126.67 209.53 
Man-labour 195.05 0.38 65.70 42.22 
Capital services 19.70 1.41 24.41 15.69 
Fertilizer 0.73 78.18 50.43 32.41 
Seeds 16.41 6.28 91.36 58.71 
SOUTHERN MINDANAO 
Land 127.55 3 .06 127.55 168.77 
Man-labour 136.74 0.35 27.84 20.62 
Capital services 9.43 7.58 41.64 30.84 
Fertilizer 1.33 15.05 11.68 8.65 
Seeds 11.52 11.59 77.87 57.69 
Insufficient samples reported 
TABLE 18 
OPTI^ U^M ALLOCATION OF LIMITED CAPITAL FUND 
WITH AND WITHOUT RESOURCE LIMITATION, 
SELECTED REGIONS, PHILIPPINES 
(in physical terms) 
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Region 
Inputs 
Geo-
metric 
mean • 
"Optimiom" 
level w/ 
capital-
isation 
& land 
fixed 
"Optimum" 
level w/ 
capital-
isation 
alone 
(1) (2) (3) (4) 
VJESTERN VISAYAS 
Land 
2 Man-labour 
Capital services" 
4 
Fertilizer 
Seeds^ 
EASTERN VISAYAS 
Land 
Man-labour 
Capital services 
Fertilizer 
Seeds 
NORTHERN MINDANAO 
Land 
Man-labour 
Capital services 
Fertilizer 
Seeds 
SOUTHERN MINDANAO 
Land 
Man-labour 
Capital services 
Fertilizer 
Seeds 
0.44 
17.59 
5.66 
1.61 
0.13 
0.52 
21.65 
4.18 
0.17 
1.43 
44.33 
19.70 
1.93 
0.55 
1.28 
33.03 
9.43 
2.30 
0.36 
0.44 
7.27 
16.26 
83.12 
0.53 
0.52 
4.31 
4.49 
1.84 
1.43 
14.93 
24.41 
132.72 
3.06 
1.28 
6.72 
41.64 
20.13 
2.43 
0.87 
4.78 
10.69 
54.63 
0.35 
1.01 
2.26 
2.35 
0.96 
2.36 
9.60 
15.69 
85.30 
1.97 
1.69 
4.98 
30.84 
14.91 
1.80 
1 Measured in hectare 
2 Measured in man-days 
3 Measured in pesos 
4 Measured in kilograms 
5 Measured in cavan 
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Marginal Productivity Analysis on Provincial Level 
Although v/e have shown the apparent price inefficiencies of corn 
farmers in the Philippines for nearly all inputs identified in this 
study, the assumption of homogeneity of farms under v/hich the analysis 
was carried through needs to be revised and the issue of inefficiencies 
should be investigated further. 
Efficiency of resource allocation in traditional agriculture has 
been investigated by many researchers in other developing countries and 
they have concluded that farmers were efficient or nearly so for various 
inputs. This study does not seem to conform to such findings but we 
are still reluctant to teike the hard conclusion that inefficient resource 
utilisation really holds in individual farms, neither do we assert 
that efficient resource combinations must be the reality. It is, 
therefore, important that before any judgement is made on Filipino corn 
farmers, some follow-up analysis should be undertaken at, at least, the 
provincial level. This writer feels that the study of resource 
efficiency which has been pursued in this and the previous chapter is 
rather weak and cannot be assumed to have completely covered the issue 
of resource allocation for corn farming in those areas. 
We have seen under Section 3.1.1 of Chapter 3 and from the tables 
presented for each region the significant coefficients corresponding 
to the dummies for province as well as seasonal influences affecting 
corn output in the Philippines. The fact that they are significant 
makes it necessary to pursue further investigation since such 
significant coefficients indicate that the marginal productivities 
of the farm inputs by province are significantly different from the 
MPPs of the inputs using the average production function. 
The analysis of resource efficiency by province can be appreciated 
and seen more clearly in the following hypothetical illustration: 
72/73 
In y 
2.7 
2.3 
1 .6 
3.00 3.33 3.66 In X; 
FIGURE 2. A Regional Input-Output Relationship 
with Significant Provincial Intercepts 
It was assumed that a given production elasticity 3i, of an input 
in the average function holds true for all provinces within a region. 
(The full Chow test for this assumption is not undertaJcen in this study) 
This means that it is possible to distinguish provincial marginal 
products, i.e. Y I4PP . = 3i ip . xip 
X. iP 
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For example if the above diagram and 3i was say, 0.5 then the MPPs are 
as follows: 
^^xil = = 
where f'^PP^ j^^Q = the overall (i.e. regional) marginal 
physical product of the ith input, 
= the marginal physical product of the ith 
input for province 1, 
~ the marginal physical product of the ith 
input for province 2. 
Multiplied by the input prices operating in the corresponding provinces, 
the preceding analysis becomes 
more important for it describes marginal 
productivities more realistically. 
However, while this issue could still be resolved, this writer 
has decided to defer such investigations because output and input 
prices relating to the specific provinces are not available at this 
stage to the author v/hile in Australia. 
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CHAPTER 5 
F?_MILY AND HIRED LABOUR: CONTRIBUTIONS 
TO OUTPUT VARIABILITY AND MARGINAL PRODUCTIVITIES 
One of the specific objectives of this exercise is to measure the 
effects of compositions of man-labour on output and evaluate such effects 
in terms of their separate marginal contribution to corn production. 
To achieve that purpose this Chapter has been organized into two parts. 
The first part is devoted to a discussion of the changes in the 
explained proportion of the variation in farm output with respect to the 
changes in the amount of (1) operator and family labour, and (2) hired 
and exchange labour. The second part discusses production elasticities 
of these two types of labour and their respective marginal productivities 
both in physical and value terms and compares the calculated MVPs with 
labour price, i.e. wage, in selected Visayas and Mindanao regions. 
Four regions were selected purposely for this analysis. The regions 
were chosen simply because their production elasticities for total 
labour as obtained in Chapter 3 are statistically significant at the 
acceptable levels. 
To measure the effects of the various types of man-labour on the 
variability of corn output, separate regressions were run as follows: 
First regression is where the explanatory variables are (1) the 
dummies and (2) land, capital, fertilizer, and seeds; second, where 
the explanatory variables are (1) and (2) of the first regression plus 
(3) operator and family labour; and third, where the explanatory 
variables are (1), (2), and (3) of the second regression plus (4) hired 
and exchange labour. The contribution to the total variability in output 
arising from the influence of each of these groups is shown in Table 
19. 
5,1 Changes in R^ with respect to the variation in family and hired 
labour^ inputs and other variables 
Western Visayas 
Table 19 shows that the greater percentage (75.72%) of the variation 
1 Family labour includes operator and family members, hired labour 
includes hired and exchange 
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in corn output in this region is explained quite significantly by the 
variation in the inputs of land, capital, fertilizer, seeds and the 
effects of the locational distribution of sample farms. The addition 
of the variable family labour to the regression raised the R^ value 
by 0.93 percent, i.e. from 75.72 percent to 76.75 percent, which was 
statistically significant at the 10% probability level. However, the 
inclusion of the variable hired labour into the function did not 
significantly increase the value of the coefficient of determination. 
Between the two types of labour, the results tend to indicate that 
in the reorganization of labour resources in this region more emphasis 
could be placed on the quantity and quality of family labour rather 
than on hired man-days. In other words, since the presence of surplus 
labour is already felt as indicated earlier, any possible reduction 
necessary with respect to the labour input would have to consider the 
improvement in the utilization of family labour with priority over the 
alternative of continuing the employment of hired cultivators. 
Central Visayas 
In this region 69.47 percent of the variability in corn production 
in crop year 1972-73 was attributed to the set of factors this study 
earlier identified. About 68.15 percent of that variability could be 
explained by the major inputs, viz. land, capital, fertilizer and seeds 
with the addition of the effects of provincial locations and seasonal 
elements. It is interesting to note that the variability of family 
labour in this region did not contribute at all to the variation in 
production but the hired part of labour did affect output highly 
significantly as indicated by its contribution of 1.32 percent to R^ 
(Table 19). 
Northern Mindanao 
The situation in Northern Mindanao (as it was in Central Visayas) 
with respect to labour effects on output variation seems to be the 
reverse of the Western Visayas situation. In Northern Mindanao only 
0.15 percent of the explained variation in corn harvest could be 
TABLE 19 
COEFFICIENTS OF DETERMINATION (R^) AND THEIR RESPECTIVE 
CHANGES ACCORDING TO GROUP OF VARIABLES 
IN SELECTED VISAYAS AND MINDANAO REGIONS, CY 1972-73 
Region Coefficient of Determination Due to 
Groups 1-2" Groups 1-3' Groups 1-4' 
Western Visayas 
2 (Change in R ) 
Central Visayas 
(Change in R^) 
Northern Mindanao 
2 (Change in R ) 
Northeastern Mindanao 
2 (Change in R ) 
0.7572 0.7665 
* * * * 
0.0093 
* * 0.0001 
0.7666 
n.s. 
* * * * 
0.6815 
* * * * 
0.0000 
0.7839 
* * * * 
0.6815 
n.s. 
0.7854 
* * * * 
0.0132 
0.6947 **** 
* * * * 
* * * * 
0.0015 0,0066 
0.7920 **** 
* * * * 
* * * * * * * * * * * * 
0.6815 0.7083 0.7235 
* * * * * * * 
0.0268 0.0152 
Group 1 variables: Dummies for province, cropping season and time of 
planting 
Group 2 variables: Land, capital, fertilizer and seeds 
Group 3 variables: Operator and family labour 
Group 4 variables: Hired and exchanged labour 
**** Significant at 1% probability level 
*** Significant at 5% probability level 
** Significant at 10% probability level 
* Significant at 20% probability level 
n.s. Not significant 
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attributed to the variability in family labour. Moreover, this is 
significant only at the 20 percent probability level. On the other 
hand, the extra use of hired labour added a significant proportion of 
0.66 percent to the explained variation in corn output. The number of 
hired labour days as shown in Table 20 was on the average, only about 1.5 
against 40 days of family labour. But although the quality of labour 
inputs is difficult to ascertain at this juncture, the ability of 
hired labour to affect the levels of corn production in this region 
necessitates further analysis. 
Northeastern Mindanao 
Both family and hired labour inputs influenced significantly the 
variation in corn production in Northeastern Mindanao. Their separate 
contribution to the variation was calculated at 2.68 percent and 1.52 
percent, respectively. Sixty eight percent of the explained variability 
has been attributed to the variability in the rest of the known factors 
for the region. Since about 14 percent^ of total labour used came from 
hired cultivators this result suggests that if any re-allocation of 
labour inputs on corn production for farms in this region would be 
necessary, both types of labour will have to be looked into and quality 
differences evaluated. 
5.2 Marginal Productivity of Family and Hired Labour 
On the basis of the profit maximization criterion earlier 
assumed in this study, the discussion of marginal productivity of 
labour in Chapter 4 has already shown economic inefficiency with which 
this major factor of production was used for corn farming in the 
Philippines during 1972/73. 
If it is possible to alter or modify the labour input in terms of 
the type or compositions that make up the total quantity used in 
farming, then the marginal productivity of each of these types (i.e. 
family and hired labour) is worth looking into. More specifically, 
their corresponding IWP-labour price relationships should be able to 
^ Calculated from Table 20 
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TABLE 20 
MVPs, WAGE RATES AND RELATED STATISTICS OF FAMILY 
AND HIRED LABOUR IN SELECTED VISAYAS AND MINDANAO REGIONS 
CY 1972-73 
Western 
Visayas 
Central 
Visayas 
Northern 
Mindanao 
North-E. 
Mindanao 
FAMILY LABOUR 
Reg. coefficient 
y = G.M. of output 
X = G.M. of family 
labour 
MPP 
X 
MVP = MPP X Price 
of y 
Wage Rate 
Net MVP 
* * 
n = 98 
0.]8774' 
3.53884 
16.21115 
0.040983 
PI.32 
P3 .71 
-2.39 
n = 309 
0.08311*'^  
4.06820 
17.51748 
0.019301 
P0.58 
P3.16 
-2.58 
n = 279 
0.0769* 
21.49455 
40.10092 
0.041219 
PI.23 
P4.40 
-3.17 
n = 103 
0.36899' 
12.4112 
30.91988 
0.148112 
P4.42 
P4.40 
+0.02 
* * * * 
HIRED LABOUR 
Reg. Coefficient 0,004281 
y = G.M. of output 3.53884 
X = G.M. of hired 
labour 2.26229 
n .s. * * * * 
MPP 
X 
MVP = MPP X Price 
of y 
Wage Rate 
Net f-lVP 
0.0066966 
P0.22 
P3.71 
-3.49 
0.11996 
4.06820 
1.87643 
0.2600796 
P7 .80 
P3.16 
+4.64 
0.07976 
21.49455 
1.451503 
1.181124 
P35.20 
P4.40 
+30.80 
* * * * * * * 
0.10643 
12.4112 
4.87490 
0.270964 
P8.08 
P4,40 
+3 .68 
**** Significant at 1% level 
Significant at 5% level 
Significant at 10% level 
Significant at 15% level 
* Significant at 20% level 
n.s. Not significant 
* * * 
* * 
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identify the relatively less inefficiently used type and the direction 
toward which one or the other may be altered to attain maximiim profit. 
The equality of opportunity costs of the two types of labour has 
been assumed in this analysis mainly because detailed information 
describing price differences between them could not be obtained. Thus, 
for a particular region the same wage level for both family and hired 
labour was used. 
Western Visayas 
The production elasticities estimated for family and hired labour 
were estimated at 0.18774 and 0.00428, respectively. For family labour 
the elasticity of production was found statistically significant at 
10% but for hired and exchange labour it was not significant. 
The geometric means calculated for the two types of labour in this 
region put it at 16.21 man-days of family labour against 2.26 man-days 
of hired labour for a farm size of 0.67 hectare. 
A comparison of MVPs and labour prices show a net IWP of -P2.39 
for family labour and -P3.49 net MVP for hired work days, indicating 
greater inefficiency in the use of hired labour (Table 20). 
Central Visayas 
Both elasticity coefficients of the two types of labour were found 
statistically significant. However, a small elasticity value amounting 
to 0.08311 was obtained for family labour while a higher elasticity of 
0.11996 was computed for hired labour. Due principally to the smallness 
of the elasticity coefficient of family labour the low farm output 
average of only 4 cavans of harvested corn in Central Visayas the MPP 
of only about 0.02 cavan or an MVP of P0.58 was calculated (Table 20). 
A negative net IWP of P2.58 was, consequently, obtained for labour 
contributed by the operator and his family members. 
On the other hand, hired labour inputs in this region appeared to 
have provided a relatively higher extra output of about a quarter of a 
cavan of corn for an additional man day employed. The MVP of P7.80 or 
a positive net MVP of P4.64 indicates under-utilization of this type 
or quality of labour input among Central Visayas farms. 
It is interesting to recognize that although both types of labour 
are inefficiently used for corn production in this region their net 
marginal contributions indicate a surplus of family labour but a 
shortage of the hired type. These results imply the existence of 
substantial differences in the quality of various types of labour used 
in corn farming. It is not difficult to accept that this is so in 
light of a semi-traditional agriculture where smallholders are composed 
of otherwise idle unskilled-family members and where the more or less 
skilled and paid workers are hired during the peak of the farming 
operations. 
Northern Mindanao 
The first interesting relationship that Table 20 reveals for 
Northern Mindanao is a disproportionate magnitude of man-days allocated 
to corn farming between family and hired labourers. On average, 40 man-
days had been utilized by the family but only about a day and a half 
were contributed by hired and exchange cultivators. VThile both types 
of labour input have approximately the same production elasticity of 
0.08, the MPP of the first type (i.e. family) was calculated to be only 
0.04 cavan in contrast to 1.18 cavans of the latter type. As in 
Central Visayas farm quality differences could not be measured in 
this study but their corresponding production elasticities tend to 
suggest that hired labourers performed better in terms of producing 
more corn grain. If commercialization in corn farming is gauged 
through the profit-maximisation behaviour of farmers, the results so 
far presented do not indicate that corn farms had been operated along 
that basis. 
Northeastern Mindanao 
If any conscious efforts to maximize labour returns were actually 
followed by corn farmers, the situation in Northeastern Mindanao would 
indicate that profit maximization at least with respect to family labour 
had been attained. Hired labour as shown in Table 20, appears to have 
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been underutilized although it will be noted that this region has in fact 
the highest average number of man-days spent by hired labourers (about 
5) compared to the three other regions. It is indicated that among 
the four regions family labour input in Northeastern Mindanao has the 
highest production elasticity figure of 0.37. Its marginal value product 
of P4.42 approximately equals the current wage rate of P4.40, thus 
maximizing returns to family labour. The addition of some extra man-
days with hired farm workers appears to be the logical approach if the 
efficient utilization of this type of labour is aimed at in Northeastern 
Mindanao. 
Additional hired workers may be necessary during months when the land 
preparation phases of field operations is at its peak. The shortage of 
hired labourers could have been created by other crops such as rice 
whose demand for labour is much higher. Where both crops are grown in 
the same locality (as may be true in the provinces of Northeastern 
Mindanao) and where they both rely largely upon rain water, cropping 
seasons are simultaneous. Hence, the possibility of a shortage of 
hired labour. 
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CHAPTER 6 
PRODUCTIVITY OF FARMS AND TECHNICAL EFFICIENCY OF FAPJ4ERS 
UNDER "TRADITIONAL" AND "FERTILIZER-USING" TECHNOLOGIES 
This Chapter discusses productivity and technical efficiency of 
corn fanners in three regions selected from Mindanao, viz., Northeastern 
Mindanao, Northern Mindanao, and Southern Mindanao. The analysis 
describes only efficiency aspects relating to the use or non-use of the 
fertilizer input among corn farms in the selected regions. 
The first part of the Chapter which deals with farm sizes and average^ 
physical corn production on per-farm and per-hectare bases is included to 
provide some background information on yield differences between 
"traditional" and "fertilizer-using" corn farms. 
The discussion of technical efficiency on the second part of this 
Chapter is based mainly on the efficiency index calculated for individual 
observations (i.e. farms) using equation (2.18) of Chapter 2. A rankinq 
of farms according to their efficiency ratings was done with the farm 
having the highest rating ranked 1. 
Because of the implied differences in the physical characteristics 
of the sampled farms, as may be gleaned from the significant coefficients 
obtained for dummy variables (province and planting time), the 
discussion of technical efficiency is not necessarily a complete reflection 
of the efficiencies of individual farmers. However, it is important to 
gauge even in general terms certain outstanding aspects of farm 
efficiencies that may have been influenced by or related with the use 
or non-use of inputs (e.g. fertilizer) widely claimed to increase farm 
output. 
^ Arithmetic average 
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6.1 Yield comparison between "fertilizer-using" and "no fertilizer" 
farms 
Northeastern Mindanao 
In this region the average^ size of a fertilizer-using farm, based 
on 31 sample farms, was found to be 1.40 hectares. The average farm 
production was estimated at 18.33 cavans of 57 kilograms of grains. On 
a per-hectare basis the fertilized corn farms yielded about 13.13 cavans 
(Table 21) . 
On the other hand, the 72 farms which did not apply fertilizer 
averaged 1.06 hectares in area. Their gross grain harvest was placed 
at about 10.50 cavans per-farm average while the corresponding production 
per hectare was estimated at 9.88 cavans (Table 21). 
A comparison of the two yield (per hectare) estimates shows a 
significant difference of over 3 cavans, indicating a greater 
2 productivity among fertilized corn farms . 
Northern Mindanao 
Two-hundred and seventy nine corn farms from this region were 
studied. Of this number only 47 were reported to have used fertilizer 
while 232 did not (Table 21). 
The average area of the fertilizer-using farms was estimated at 
1.18 hectares with a farm harvest averaging 18.82 cavans. The output 
of corn per hectare was recorded at 15.95 cavans. 
The traditional corn farms averaged 1.49 hectares in size with 
22.08 cavans of farm output. The average yield per hectare of the 
non-fertilized farms, on the other hand, was found to be 14.79 cavans 
which was 1.14 cavans lower than the per-hectare corn yield obtained 
in the fertilizer-using farms. 
The difference in yields noted above was not significant to reject 
the hypothesis of equality of yields between these two types of corn 
farms in this region. 
^ Geometric mean 
Appendix 6-A may be referred to for tests of differences between 
mean yields. 
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Southern Mindanao 
Thirty oiyht sample smallholder corn farms in Southern Mindanao were 
reported as using fertilizer during the year 1972-73; 169 did not. 
Table 21 shows that the average farm output of the fertilizer-UHing 
farms was 30.IJ1 cavans, harvested from an average farm area of 2.01 
hect-.nrnn. It will tao noted that thin region has the hifjhont average 
farm size and farm output among the groups of fertilizer-users in the 
throe selected Mindanao regions. The average production per hectare 
amounted to approximately 19 cavans, which again, outyielded the two 
other regions above. 
Non-users of fertilizer had farms of 1.22 hectares on average. 
Corresponding to this area was an average corn output of 18.70 cavans. 
The mean yield obtained per hectare of these farms was calculated at 
15.40 cavans, which as may be seen on Table 21 is about 3.4 cavans below 
that of the average yield in fertilized farms. This difference was 
found sufficient to reject the hypothesis of equality in the productivity 
of these two farm types. 
6.2 Technical efficiency of "fertilizer-using" and "no fertilizer" 
farms 
Northeastern Mindanao 
Setting the average efficiency level equal to unity, the estimated 
efficiency index among fertilizer-using farms in Northeastern Mindanao 
varied from a minimxam of 0.55 to a maximum of 2.18 (Appendix 7-A) . 
These values suggest that the best of the enumerated corn farms using 
the fertilizer input in this region could obtain 118 percent higher 
corn output than the average corn farm. On the other hand, the average 
farm could obtain 45 percent more output than the worst farm. Out of 
31 sample farmers using fertilizer in this region about 48 percent made 
an efficiency rating above the average and approximately 52 percent 
performed below it. 
TABLE 21 
A COMPARISON OF FARM SIZE, FARM PRODUCTION AND YIELD 
DETVJEEN FERTILIZER USING AND NON-FERTILIZER USING FA WIS 
IN THREE MINDANAO REGIONS, CY 1972-73"! 
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Type of corn farms 
REGION 
Northoastorn 
Mindanao 
Northorn 
Mindanao 
Southern 
Mindanao 
Fertilizer-using 
No. of observation 
Average farm size (ha) 
Average farm production 
(Cavan) 
Average production per 
hectare (Cavan) 
31 
1.40 
18.33 
13.13 
47 
1.18 
18.82 
15.93 
38 
1.62 
30.51 
18.85 
Non-fertilizer-using 
No. of observation 
Average farm size (ha) 
Average farm production 
(Cavan) 
Average production pei 
hectare (Cavan) 
72 
1.06 
10.49 
9.88 
232 
1.49 
22.08 
14.79 
169 
1.22 
18.74 
15.41 
Averages are geometric means 
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The efficiency index of the non-fertilizer-using farms, on the other 
hand, varied from 0.29 to 2.40. The highest corn producing farmer in 
this group showed an efficiency level of 140 percent over the average of 
the group. The least efficient farmer was found to be 71 percent below 
the estimated average performance of corn producers in the region 
(Appendix 7-B). Out of 72 sample farmers who did not apply fertilizer 
43 percent had an efficiency level above the average and close to 56 
percent registered below it. 
On the basis of the efficiency ratings obtained for the two types 
of corn farming in this region, the technical efficiency of corn 
farmers, in terms of their output performance with or without the 
fertilizer input during the year under review can be compared. 
Within the constraints of weather, soil and other natural conditions 
beyond farmers control and the set of allocatable resources, the best 
corn farm using fertilizer produced 118 percent more output than the 
average corn fanxw The best farm in the traditional group, on the 
other hand, obtained 140 percent more than the average performance of 
the non-fertilizer users. 
Between the average and the least efficient farm it is noted that 
among fertilizer-users the least efficient of them was 48 percent below 
the average, while among the traditional farmers the worst farm was 71 
percent below the average output estimated for the group. 
The best and the worst farms may be extremes of the group but these 
results would still imply that corn farmers in the Northeastern Mindanao 
region had followed relatively more similar farming practices with 
the fertilizer technology than com farmers of the traditional system. 
However, on the basis of their separate groupings the individual 
rankings of farms seem to indicate that there were relatively more 
efficient farmers under the fertilizer technology than those remaining 
in the traditional practice. 
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Northern iMindanao 
Of the 279 corn fanners sampled in Northern Mindanao 47 applied 
fertilizer to their farms while 232 did not. 
Among fertilizer-using farms 51 percent of them ranked above the 
efficiency level of the estimated average farm while 49 percent ranked 
below. The most efficient of this group obtained 74 percent higher 
output than the group's average performance in the region. The least 
efficient of the fertilizer-users came out with an efficiency rating 
of 0.61 which is 39 percent lower than the expected average level 
(Appendix 7-C). 
For the traditionally operated farms sampled in the region the 
efficiency index ranged from 0.32 to 3.10 (Appendix 7-D) . Fifty three 
percent of the non-fertilizer-using farms were above the efficiency 
rating of the average farm while 47 percent ranked among the relatively 
less efficient corn producers. 
These results tend to show that farmers in Northern Mindanao were 
relatively more technically efficient corn producers under the 
traditional technology than when they shifted to the fertilizer-
technology farming. 
Southern Mindanao 
Shown in Appendix 7-E and Appendix 7-F are the technical efficiency 
ratings of fertilizer-using corn farms and farms of the traditional 
technology, respectively. Among the fertilizer-users it was found 
that their efficiency index in this region ranged from a minimum of 
0.43 to a maximum of 2.28. This means that the most efficient fertilizer-
using corn farm in this area could obtain 128 percent higher output 
than the output of an average corn farm in the region but the poorest 
fertilizer-using farm could be about 57 percent lower than the efficiency 
level of the average corn farm. Of the sarapled fertilizer-users 53 
percent ranked above the average efficient farm and 47 percent rated 
below the average efficiency level. 
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On the other hand, the efficiency indexes of the traditional fanners 
indicated a 3.28 for the farm with the highest efficiency rating and a 
0.32 mark for the least technically efficient of them (Appendix 7-F). 
Overall ratings show that about 52 percent of the non-users produced 
higher output than the average production level of their group while 
approximately 48 percent of them fell below the average. 
A comparison of the two types of farmers in this region would 
indicate that in either group the more efficient corn farmers tend to 
outnumber the less efficient ones. 
In general, for all three regions, we find a relatively wider 
range of efficiency ratings (between "least efficient" farmers and 
the "most efficient" farmers) in the non-fertilizer-using farms than 
among fertilizer users, probably indicating greater variability in 
farming practices in the traditional farms over those of the more 
innovated farms. 
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CHAPTER 7 
SUMMARY AND CONCLUSIONS FOR POLICY 
This study has attempted to fit Cobb-Douglas production functions 
to know what the production function is and to examine the economic 
efficiencies with which various forms of inputs were utilized for corn 
production as well as the technical and allocative efficiencies with 
which corn farm enterprises were operated in the Philippines. In view 
of the limitations already emphasized elsewhere in this study the 
results cannot be assumed to hold true in general. Policy prescriptions 
that may be drawn from this investigation will have to recognize 
those defficiencies. 
The discussion of the empirical findings presented in this study 
was structured in such a way that brief accounts of each Chapter is 
essential for this summary. 
On locational, seasonal and planting time effects 
The dummy coefficients corresponding to such factors as location, 
cropping season and time of planting have been calculated and are felt 
to be reflective of the relative position of provinces with respect 
to their productivity potentials. 
A number of provinces in each region appeared inherently more 
suitable to the production of the crop. The contribution of cropping 
seasons and planting time to the variability of farm output is important 
for some areas as traced from the magnitude and statistical significance 
of their respective coefficients. On these bases there is evidence of 
certain provinces and crops being relatively more productive, indicating 
that the movement of resources towards these areas or periods could 
be more rewarding. However, before any specific policy relating to 
say, the selection of priority areas for corn production, could be 
recommended it is important to ascertain further the reasons underlying 
those differences. Information on factors (e.g. climate, soil fertility. 
91 
marketing facilities) other than those discussed in this study would be 
necessary to fully understand these issues. 
On production elasticities of inputs 
Except for Western Mindanao region (where the coefficient for land 
is insignificant) all areas analysed indicated high elasticity coefficients 
for land relative to other factors. Land input elasticity ranged from 
0.48 in Western Visayas to 0.71 in Bicol. The elasticity coefficients 
for man labour, on the other hand, were found statistically significant 
in the following regions: Northern Mindanao (0.41), Western Mindanao 
(0.37), Western Visayas (0.16), Cagayan Valley (0.15), Central Visayas 
(0.13), and Northern Mindanao (0.12). They were not significant in 
the regions of Bicol, Eastern Visayas, and Southern Mindanao. 
The input of capital appeared to be influencing corn production 
significantly only in the four regions of Central Visayas (0.15), 
Southern Mindanao (0.11), Western Visayas (0.10), and Northern Mindanao 
(0.04) . 
Of the nine regions covered in this analysis, the fertilizer 
input appeared to have been used relatively more extensively only in 
Northern Mindanao, Northeastern Mindanao and Southern Mindanao. Their 
production elasticities with respect to fertilizer figured out at 
0.09, 0.04, and 0.03, respectively. 
Corn seed which in this study was specified by quantity emerged as 
an input significantly affecting production. If the quantity measurement 
as gathered from the survey reflected their varietal qualities then 
it becomes interesting to note the magnitude of their production 
elasticities. The highest elasticity coefficient calculated for this 
input was recorded in Western Mindanao at 0.47 and lowest in Bicol at 
0.09. The regression coefficient for seeds in Cagayan Valley was not 
statistically significant. 
On marginal productivities 
On the average the marginal physical productivity of the land input 
ranged between 3.8 cavans per hectare in Western Visayas to 9.5 cavans 
per hectare in Southern Mindanao indicating that for every hectare of 
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land added to corn farms in each of these regions the corresponding 
increase would be from 3.8 cavans in Western Visayas to 9.5 cavans in 
Southern Mindanao. The expansion of the sizes of corn farm enterprises 
at the present stage of agriculture in the Philippines is limited by 
several factors among which are (1) population pressure (2) relative 
profitability of producing other crops such as sugarcane, bananas, 
and orchard crops, and (3) the land reform program the effect of which, 
so far, has been for farm-owners to shift from rice and corn production 
to the non-cereal industry. Nevertheless, where land is relatively 
more abundant as in the provinces of Mindanao the expansion of farm 
sizes for corn production may still be possible. 
The marginal physical product of labour was positive in 8 out of 9 
regions. It appeared negative in Bicol region. The MPPs of labour 
ranged from approximately 0.02 cavan per man-day in Eastern Visayas 
to 0.18 in Western Visayas. It was noted that except for labour yields 
in Western Visayas and Northeastern Mindanao region, all other areas, 
on average, could only produce below one-tenth of a cavan for an extra 
day of man-labour. 
In his study of rice farming in the Philippines, Quintana (1965) 
reasoned out that "farmers continue to use labour even when its 
returns are lower than its costs because small quantities of associated 
resources bring additional returns greater than zero to the labour 
force, which otherwise would be unemployed". The same reason could 
apply to corn farmers but would seem to hold more likely under the 
following situations: (1) when farms are market-oriented and farmers 
aim largely at producing grains for some amount of profit, and (2) 
when the farm families operate beyond the subsistence level of living. 
If, however, the reverse of the above circumstances holds and 
particularly in areas where the opportunity for regular employment is 
scarce the tendency of the farmer and the members of his family would 
be to stay on the farm and spend more time attending to the crop since 
^ There are farm families who are able to produce the crop only for 
home consumption and to meet their more basic necessities. 
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the harvest is shared more or less equally by the members of the household, 
Personal observations of this writer attest to this situation among 
rural families particularly in the provinces of Bohol and Samar of the 
Central and Eastern Visayas regions. 
The marginal productivity of the current man-labour utilized for 
corn production may be raised through some form of intensive or multiple 
cropping (i.e. the otherwise redundant labour would be gainfully 
employed). This, however, implies the provision of irrigation 
facilities (as far as feasible) to allow for better plant growth and/or 
insure against crop failures which are usually brought about by poor 
weather conditions. If irrigation water is not a limiting factor the 
other alternative would be to increase the use of fertilizer and high 
yielding corn seeds. The extra use of these inputs would not only 
raise their respective marginal physical productivities but would also 
utilise redundant labour more productively. 
At any rate, this study recognizes problems of labour differences 
the presence of which may not fully justify calculating marginal 
productivities of this factor by region. Perhaps what is necessary 
is a province by province study of this input. Such analysis, however, 
could not be pursued in this exercise due to data limitations. 
The marginal productivities of capital services were, according 
to calculations, either negative or zero in the regions of Cagayan 
Valley, Bicol, Eastern Visayas, Western and Northeastern Mindanao but 
positive in the regions of Western and Central Visayas and in North 
and Southern Mindanao. The negativity of the MPPs of capital is felt 
to have been attributed largely to the misspecification and measurement 
of this input, since it could happen that the capital items enimierated 
had not actually been used for the crop. 
The input-output relationship expressed in terms of marginal 
returns to factors of production indicated a widespread misallocation 
of resources in almost all of the nine regions studied. The use of 
farm inputs for corn production in CY 1972-73 can be summarized as 
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follows: the land input was under-utilized in all regions except 
probably in Western Mindanao where the elasticity coefficient for land 
was negative; man-labour had been over-utilized in nearly all regions; 
capital was under-utilized in two Visayas and two Mindanao regions; 
more fertilizer should have been applied as it was much under-utilized; 
and seeds could have yielded better returns had more of it been grown 
(i.e. a movement along the production function). How extensive was 
the use of high yielding varieties could not be ascertained in this 
study, hence, the improvement in yield due to varietal factor could 
not be determined. 
On returns to scale 
Constant returns to scale in corn production were indicated by the 
sum of the production elasticities of inputs in the following regions: 
Central Visayas, Eastern Visayas, Northern Mindanao, and Southern 
Mindanao. On the other hand, to raise corn output by simultaneously 
increasing the rate of input usage by say, one percent in the regions 
of Cagayan Valley, Bicol region, and Western Mindanao could obviously 
step up production per farm in those regions but most probably produce 
in a much smaller proportion (i.e. <1%) than the increase in inputs. 
Only in Northeastern Mindanao could increasing returns to scale 
be expected. It should be noted, however, that existing capital items 
among farms in this region may probably have to be actually utilized 
first before any addition to this particular input be undertaken. 
On the input-output relationships with respect to family and hired labour 
Investigation of the economic efficiency of the different types of 
man-labour inputs showed that family labour had been overutilized in 
the regions of Western Visayas, Central Visayas and Northern Mindanao 
but was efficiently used in Northeastern Mindanao. Although the total 
input per farm as generally revealed earlier from all regions was used 
in surplus, further analysis from the four selected regions indicated 
that the quantity (and possibly the quality) of the labour component 
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that was hired appeared to have been underutilized in Central Visayas, 
Northern Mindanao and Northeastern Mindanao. 
At the present stage of Philippine fanning and economy, in general, 
the rural family will still continue to play a major role as 
institutional provider of the labour resource in agriculture. But as 
corn growing becomes market-oriented (i.e. commercialized) the employment 
of hired cultivators could prove profitable with the current wage rate. 
The analysis of input-output relationships thus far attempted are 
not without errors. Before any policy recommendations could be drawn, 
the following issues will, probably, have to be resolved first: (1) some 
information on the opportunities open to farmers for non-corn work 
should be looked into as different farmers or members of the family may 
not all have the same work opportunities, (2) there is a need for 
careful measurement of family labour (e.g. quality differences), and 
(3) if family labour is misallocated (as it appears in this study) to 
what extent is this a reflection of over-reporting or of errors due to 
aggregation? 
On the technical efficiency of fertilizer-users and non-users 
To evaluate the technical efficiencies of com farmers with 
respect to the use or non-use of fertilizer samples from three Mindanao 
regions were used for the analysis. The initial part of the investigation 
showed that fertilizer users, particularly in the regions of Northeastern 
and Southern Mindanao had, on average, larger sizes of farms. This may 
be expected since the relatively well-off farmers who could afford to 
buy the fertilizer input were normally those who have bigger farms. 
Among small farmers the use of fertilizer usually entails borrowings 
from the bank or from any local sources. In the Philippines most 
lending institutions particularly the rural banks and the Philippine 
National Bank (PNB) require land as collaterals in the acquisition of 
loans. It is reasonable, therefore, to expect that farmers with larger 
or more parcels of corn lands would be in better positions to purchase 
and apply fertilizers. There is, in fact, a government lending agency, 
the Agricultural Credit Administration (ACA) which provides credit to 
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small fanners more liberally. However, the financial capacity of this 
agency as compared to other financial institutions has been quite small 
and spread thinly over thousands of farmers. Furthermore, the emphasis 
of ACA until lately had been to cover more of the rice farmers. 
As far as fertilizer use is concerned the analysis of farms in the 
Mindanao areas reveal that where this input was used, the production 
per hectare of the farms was found substantially higher than those 
which did not apply it. Fertilizer-using farms in Northeastern Mindanao 
produced 4 cavans per hectare more than the non-fertilizer users; 
Northern Mindanao fertilizer-users harvested 3 cavans better while 
Southern Mindanao farmers yielded 2 cavans per hectare higher with 
fertilizer than the traditionally operated corn farms. 
The technical efficiencies of farmers were measured on the basis 
of the average production function derived for each group of farmers 
(i.e. fertilizer-users and non-users). Particularly because the basis 
of comparison is the average, hence the efficiency ratings obtained by 
farms for the three selected regions tend to distribute over and below 
the average efficiency index (i.e. 1.0) on an approximately equal 
number. Nevertheless, a summary of efficiency ratings for each of the 
three regions seem to show that in Northern Mindanao the less efficient 
farmers outnumber the efficient producers in either category, while 
in Northern and Southern Mindanao regions the more technically efficient 
corn growers could dominate the less efficient ones. 
One of the important uses of the analysis of technical efficiency 
based on the estimated average production function is to separate the 
relatively efficient producers from the relatively inefficient farmers. 
Utilizing the techniques of efficient corn farmers thus identified, 
could prove more adaptable, less costly and productive. 
There are severe limitations found in an economic analysis drawn 
from farm data of non-homogeneous farming areas where the variables 
involved in the production process have been aggregated and used to 
calculate production functions describing regional farming conditions. 
If the farms are not homogeneous one would hesitate to prescribe 
policies on the basis of the aggregated production function. 
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This study suffers from the above-mentioned limitations. Because 
provincial differences have been found significant in many regions 
policies must, therefore, come down to the provincial levels. 
To correct the results arising from such limitations a proposed 
analysis by province has been presented, making use of the assumption 
that the production elasticities of inputs obtained from the average 
function would also hold true for the province. However, if the 
hypothesis of equality of production elasticity of an input among 
provinces is in fact not true, then future surveys will have to be 
designed to include the following suggestions: 
(1) the survey must stratify the geographical area of the 
region into sizes (e.g. province) noting more importantly 
the homogeneity of the physical environment and status 
of farm technologies, 
(2) the survey should collect farm specific price information 
for both inputs and output and should include price data 
not only by data of harvest or sales for the current season 
but also for the previous year and if, sales have not 
started, the price for the current year, 
(3) should financial resources of the researcher permit, it 
will be more ideal to initiate time series data gathering, 
i.e. collecting from the same set of respondents for a 
number of periods and collecting more detailed information 
on input utilisation. Perhaps for purposes of studying 
the economics of producing a particular crop the time 
series type of collecting the data should be undertaken 
only in the provinces or areas known to specialise in 
production of the crop. 
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APPENDIX 1-A 
CORRELATION MARTIX: CAGAYAN VALLEY 
(Data in Logarithms) 
Land 
Area 
yian-
Labour Capital Seed Prov2 Prov3 Prov4 
Land Area 1.000 
Man-Labour .310 1.000 
Capital .132 .126 l.OGO 
Seed .502 .310 -.065 1.000 
Prov2 -.232 .105 .025 -.132 1.000 
Prov3 -.019 .104 .031 .074 -.113 1.000 
Prov4 -.085 -.488 -.254 -.010 -.176 -.110 1.000 
rvj 
O 
A P P E N D I X 1 - B 
C O R R E L A T I O N M A T R I X : B I C O L 
(Data in L o g a r i t h m s ) 
L a n d 
A r e a 
M a n -
L a b o u r 
C a p i t a l S e e d Prov2 Prov3 Prov4 C r o p l C r o p 2 
L a n d A r e a 1.000 
M a n - L a b o u r .384 1.000 
C a p i t a l .221 .141 1.000 
S e e d .557 .025 .063 1.000 
P r o v 2 - . 1 9 1 .004 .106 -.204 1.000 
Prov3 .531 .286 .176 .286 -.613 1 . 0 0 0 
P r o v 4 -.306 -.303 -.227 -.178 -.276 -.344 1.000 
C r o p l .005 .145 .214 -.102 - . 1 5 1 .125 .109 1.000 
C r o p 2 .047 -.110 -.230 .136 .110 -.055 -.060 -.846 1 . 0 0 0 
n 
o 
A P P E N D I X 1 - C 
C O R R E L A T I O N M A T R I X : W E S T E R N V I S A Y A S 
(Data in L o g a r i t h m s ) 
L a n d 
A r e a 
M a n -
L a b o u r 
C a p i t a l 
F e r t i -
l i z e r 
S e e d Prov2 ProvS Prov4 Prov5 C r o p l C r o p 2 
L a n d A r e a 1 . 0 0 0 
M a n - L a b o u r .667 1.000 
C a p i t a l .254 .265 1.000 
F e r t i l i z e r .021 .194 .245 1.000 
S e e d .581 .548 .284 .077 1.000 
P r o v 2 -.196 -.257 -.210 -.038 -.234 1.000 
Prov3 .052 .200 .179 .056 .013 -.100 1.000 
Frov4 .128 -.002 -.019 -.146 -.026 -.416 -.272 1 . 0 0 0 
P r o v S .052 .224 .080 -.058 .108 -.146 -.095 -.397 1.000 
C r o p l .028 -.029 .182 -.032 -.058 ,032 .086 .223 -.285 1.000 
C r o p 2 .003 .112 -.112 .062 .092 -.117 -.076 -.168 .230 -.884 1.000 
L a t e -.098 .131 .095 -.102 .075 .113 .198 -.366 .053 .080 -.052 1.000 
o APPENDIX 1-D 
CORRELATION MATRIX: CENTRAL VISAYA5 
(Data in Logarithms) 
Land 
Area 
Man-
Labour Capital 
Ferti-
lizer Seed Prov2 Prov3 
Land Area 1.000 
Man-Laix)ur .598 1.000 
Capital .263 .239 1.000 
Fertilizer .109 .135 .132 1.000 
Seed .586 .470 .153 .074 1.000 
Prov2 -.041 -.034 -.200 -.260 -.111 1.000 
Prov3 .313 .302 .107 .163 .441 -.496 1.000 
Prov4 -.022 -.064 .027 -.035 -.165 -.289 -.158 
Prov4 
1.000 
IT) O 
t-i APPENDIX 1-E 
CORRELATION MATRIX: EASTERN VISAYAS 
(Data in Logarithms) 
Land 
Area 
Man-
Labour Capital Seed Prov2 Prov3 Prov4 Cropl Late 
Land Area 1.000 
Man-Labour .578 1.000 
Capital .388 .459 1.000 
Seed .424 .447 .377 1.000 
Prov2 -.237 -.316 -.220 -.063 1.000 
Prov3 -.364 -.194 -.070 -.144 -.123 1.000 
Prov4 .221 .079 -.175 .064 -.227 -.112 1.000 
Cropl -.004 -.112 .132 -.098 -.072 .167 -.128 1.000 
Late -.001 .133 .302 .049 .064 .123 -.224 .418 1.000 
>X) o 
APPENDIX 1-F 
CORRELATION MATRIX: I^STERN MINDANAO 
(Data in Logarithms) 
Land 
Area 
Man- ^ _ - Ferti-. , Capital .. Labour lizer Seed Prov2 
Land Area 1.000 
Man-Labour .524 1.000 
Capital .039 .076 1.000 
Fertilizer .213 .084 .158 1.000 
Seed .583 .500 .023 .290 1.000 
Prov2 -.197 -.109 .258 -.541 -.132 1.000 
r-o iH 
APPENDIX 1-G 
COKflELATlON MATRIX: NORTHEASTERN MINDANAO 
(Date in Logarithms) 
Land 
Area 
Man-
Labour Capital 
Ferti-
lizer Seed Prov2 Prov3 Prov4 Prov5 
Land Area 1.000 
Man-LaixDur .598 1.000 
Capital .073 .109 1.000 
Fertilizer .222 .045 .145 1.000 
Seed .594 .329 -.067 .263 1.000 
Prov2 .180 -.122 .153 .517 .238 1.000 
Prov3 .078 .109 -.103 .245 -.050 -.461 1.000 
Prov4 -.201 -.234 -.145 -.035 -.270 -.141 -.132 1.000 
Prov5 -.132 -.073 -.061 -.078 .072 -.334 -.312 -.096 1.000 
CO o rH APPENDIX 1-H 
CORRELATION MATRIX : NORTtlERN MINDANAO 
(Data in Logarithms) 
Land 
Area 
Man-
Labour Capital 
Ferti-
lizer Seed Prov2 Prov3 Prov4 Late 
Land Area 1.000 
Man-Labour .697 1.000 
Capital .217 .285 1.000 
Fertilizer -.111 -.413 -.007 1.000 
Seed .664 .648 .073 -.342 1.000 
Prov2 .283 .256 -.141 .057 .314 1.000 
Prov3 -.002 .091 .009 -.121 .210 -.494 1.000 
Prov4 -.393 -.621 -.163 .284 -.529 -.374 -.221 1.000 
Late .076 -.023 -.026 .020 .059 .013 .149 -.031 1.000 
cri o 
APPEiroiX l-I 
CORRELATION MATRIX: SOUTHERN MINDANAO 
(Data in Logarithms) 
Land 
Area 
Man-
Labour Capital 
Ferti-
lizer Seed Prov2 Prov3 Prov4 
Land Area 1.000 
Man-Labour .345 1.000 
Capital .204 .044 1.000 
Fertilizer .232 .157 .150 1.000 
Seed .533 .311 .205 .199 1.000 
Prov2 -.037 .018 -.218 -.147 .001 1.000 
Prov3 -.216 .186 -.110 -.070 -.274 -.153 1.000 
Prov4 .238 -.066 .115 -.259 .358 -.282 -.427 1.000 
Prov5 .040 -.010 .042 .588 -.042 -.151 -.228 -.420 
Late .087 .024 .163 .011 .067 -.025 -.099 .101 
Prov5 Late 
1.000 
-.092 1.000 
APPENDIX 2 
AVERAGE SIZE (ARITHMETIC) OF CORN FARMS IN SELECTED 
CORN-GROWING REGIONS, PHILIPPINES, CROP YEAR 1972-73 
Region Aroa (Hoctaro) No. of Parmrs 
110 
Cagayan Valley 1.064 137 
Bicol Region 1.063 97 
Western Visayas 0.666 98 
Central Visayas 0.814 309 
Eastern Visayas 0.683 105 
Western Mindanao 1.710 95 
Northeastern Mindanao 1.483 104 
Northern Mindanao 1.639 279 
Southern Mindanao 1.564 207 
Ill 
APPENDIX 3 
FREQUENCY DISTRIBUTION OF FARMS BY FERTILIZER USAGE 
IN 9 REGIONS, PHILIPPINES, CY 1972-73 
Region With Fertilizer 
Without 
Fertilizer Total 
No. % 
Cagayan Valley 3 2.2 
Bicol region 3 3.1 
Western Visayas 10 10.2 
Central Visayas 39 12,6 
Eastern Visayas 5 4.8 
Western Mindanao 11 12.0 
Northeastern 
Mindanao 31 30.1 
Northern Mindanao 47 16.8 
Southern Mindanao 38 18.4 
No. 
134 
94 
88 
270 
100 
81 
72 
232 
169 
% 
97.8 
96.9 
89.8 
87.4 
95.2 
88.0 
69.9 
83 .2 
81.6 
No. 
137 
97 
98 
309 
105 
92 
103 
279 
207 
112 
APPENDIX 4 
OUTPUT AND INPUT PRICES BY REGION, PHILIPPINES, CY 1972-73 
Region 
Corn 
Price 
per ^ 
cavan 
Daily 
Wage 
Rate 
Ferti-
lizer 
Price 2 
per kg. 
Land 
Rent 
per 
hectare 
(pesos) (pesos) (pesos) (pesos) 
Cagayan Valley 30.22 3.58 - 70.62 
Bicol region 31.29 3.80 - 48.62 
Western Visayas 32.23 3.71 0.18 60.27 
Central Visayas 29.98 3.16 - 57.81 
Eastern Visayas 32.70 3.16 - 76.25 
Western Mindanao 32 .02 4.14 0.40 85.87 
Northeastern Mindanao 29.83 4.40 0.38 88.58 
Northern Mindanao 29.83 4.40 0.38 88 , 58 
Southern Mindanao 31.99 4.14 0.58 99.65 
Source of basic data: "Cost of Corn Production" Study, 
(CY 1972-73), Prelim. Report., 
Bureau of Agricultural Economics, 
Quezon City, 
Source of basic data; Farm Wages Survey Report, Bureau of 
Agricultural Economics, Quezon City 
Source of data: Calculated from samples taken from 
"Cost of Corn Production Survey, 
CY 1972-73" 
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APPENDIX 5 
RURAL POPULATION, TOTAL FARM AREA, AND MAN-LAND RATIO 
IN SELECTED CORN-PRODUCING REGIONS, PHILIPPINES 
Region Rural ^ Total Farm^ Man-Land Population Area Ratio 
Cagayan Valley 1,439,576 544,202.4 2.65 
Bicol 2,255,274 684,420.7 3.30 
Western Visayas 2,643,264 813,865.0 3.25 
Central Visayas 2,170,985 456,034.7 4.76 
Eastern Visayas 1,910,181 670,352.8 2 .85 
Western Mindanao 1,215,034 447,736.6 2.71 
Northeastern Mindanao 1,459,854 510,274.4 2 .86 
Northern Mindanao 932,669 291,876.8 3 .20 
Southern Mindanao 2,418,088 1,165,291.6 2 .08 
^ 1970 Census of Population & Housing, Bureau of Census and Statistics, 
Manila 
2 1960 Census of Agriculture, Bureau of Census and Statistics, Manila 
114 
Ain^ ENDIX 6 
TESTING THE DIFFERENCE BETWEEN TWO MEAN YIELDS^ 
We are testing the null hypothesis. Ho: x^ - x^ = d^ 
o against the alternative hypothesis, H^: x^ - x^ > d 
where x^ = mean yield of fertilizer-using com farms 
x^ = mean yield of non-user corn farms 
on the assumptions that the two populations from where the samples were 
drawn are normally distributed. Since the present exercise is a case 
2 of large samples, the assumption of normality may be relaxed and s and 
2 2 2 s^ may be substituted for a^ and o^, respectively. 
We then use the following test: 
(x^  - x^) - d^ 
z = 
/(aj/n^) + iol/n^) 
where z is the estimator of Z, a random variable having the standard 
normal distribution and n^ and n^ denotes the sample size representing 
x^ and x^ farms, respectively. 
Choose a level of significance equal to a. In this test we are 
using a = 0.05. Hence the critical region will be Z>1.96. We will reject 
Ho if z falls in the critical region; otherwise. Ho will be accepted. 
The calculations done in the test of differences between mean yields 
for the three regions have used the means and variances of com yields 
expressed in logaritlims since they were readily available from the 
computer printouts used for the regressions. 
The results of the calculations are shown in the following table: 
^ For a more complete discussion on testing the difference between 
two means, see WALPOLE, R. E. (1970, pp. 225-236). 
APPENDIX 6 (continued) 
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Statistic Northeastern Mindanao 
Northern 
Mindanao 
Southern 
Mindanao 
n. 
X, 
X 
0 
z-computed 
z-tabulated 
Conclusion 
31 
72 
2 . 5 7 4 9 
2 .2913 
0 . 2 1 0 9 3 
0 . 3 3 8 2 7 
0 
2 . 6 5 
1 . 9 6 
Reject Ho 
47 
232 
2 . 7 6 8 1 
2 . 6 9 4 2 
0 . 2 2 1 7 1 
0 . 1 6 7 3 0 
0 
1 . 0 3 
1 . 9 6 
Accept Ho 
38 
169 
2 .9365 
2 . 7 3 5 2 
0 . 2 4 5 4 2 
0 . 3 5 5 8 2 
0 
2 . 1 8 
1 . 9 6 
Reject Ho 
.1.16 
APPENDIX 7-A 
EFFICIENCY RATINGS AND RANKINGS OF 31 FERTILIZER-USING FARMS 
IN NORTHEASTERN MINDANAO, CY 1972-73 
Farm No. Efficiency-Rating Rank Farm No. 
Efficiency 
Rating Rank 
1 1, ,5262 5 17 1 .0270 13 
2 1. .0120 14 18 0 .5502 31 
3 1, .6122 4 19 1 .0012 15 
4 0. .8840 18 20 0 .6137 28 
5 1, .0489 12 21 0 .5942 29 
6 0, .6984 26 22 1 .3720 7 
7 1, .9580 2 23 0 .8670 21 
8 0, .5738 30 24 1 .2311 9 
9 1, .2671 8 25 0 .6829 27 
10 0 .8557 22 26 1 .0000 16 
11 1 .7181 3 27 1 .4493 6 
12 2 .1796 1 28 1 .0959 11 
13 0 .8767 19 29 0 .8751 20 
14 0 .8098 23 30 0 .7863 24 
15 0 .7595 25 31 0 .9150 17 
16 1 .2220 10 
117 
EFFICIENCY 
T^PENDIX 7-B 
RATINGS Airo RANKINGS OF 72 "NO FERTILIZER" FARMS 
IN NORTHEASTERN MINDANAO, CY 1972-73 
Farm No. Efficiency Rating Rank Farm No. 
Efficiency 
Rating Ran 
1 0.4899 66 37 0.7566 54 
2 1.2127 27 38 1.8434 9 
3 1.4330 18 39 1.8354 10 
4 1.9153 7 40 1.5968 14 
5 0.7180 58 ^ 41 1.1720 29 
6 0,4679 67 42 0.7644 53 
7 0.9180 39 43 0.8464 45 
8 0.2919 72 44 0.9701 36 
9 2.1906 2 45 1.1659 30 
10 2 .4032 1 46 2.1286 4 
11 1.7945 12 47 1.2696 23 
12 1.1094 31 48 0.5881 63 
13 0.7534 55 49 0.7349 57 
14 0.8436 46 50 0.5:.93 32 
15 0.5368 65 51 0.5619 64 
16 2.0413 6 52 1.5369 16 
17 1.3850 19 53 1.8552 8 
18 1.8006 11 54 0.7651 52 
19 0.7965 50 55 1.5154 17 
20 0.8582 43 56 0.7862 51 
21 1.2561 24 57 1.3171 21 
22 0.6527 61 58 0.9657 37 
23 0.9596 38 59 0.4199 69 
24 0.9833 34 60 2.1288 3 
25 0.9120 40 61 0.8578 44 
26 0.8994 42 62 0.9003 41 
27 0.6896 60 63 0.8350 47 
28 1.25:-1 25 64 1.7665 13 
29 0.9765 35 65 0.9966 33 
30 1.5863 15 66 1.3055 22 
31 1.3156 20 67 1.2353 26 
32 0.8325 48 68 0.4632 68 
33 0.3998 70 69 0.7413 56 
34 0.3840 71 70 2.0783 5 
35 0.8176 49 71 1.1965 28 
36 1.0000 32 72 0.7156 5 3 
APPENDIX 7-C 
EFFICIENCY RATINGS AND RANKINGS OF 47 FERTILIZER-USING FARMS 
IN NORTHERN MINDANAO, CY 1972-73 
118 
Farm No. Efficiency Rating Rank Farm No. 
Efficiency 
Rating Rai 
1 0.9787 27 25 0.7406 40 
2 0.8335 36 26 0.9212 29 
3 1.3027 5 27 1.2994 6 
4 0.6907 45 28 1.2207 10 
5 0.9701 30 29 0.8671 34 
6 0.8962 32 30 1.0107 25 
7 0.7060 44 31 1.1193 15 
8 0.9421 31 32 1.0611 23 
9 1.1249 14 33 1.0881 19 
10 0.8716 33 34 1.5004 3 
11 1.1031 16 35 1.0270 24 
12 1.1938 12 36 1.6799 2 
13 0.8381 35 37 0.6104 47 
14 1.0824 21 38 0.9733 28 
15 1.2483 8 39 1.1782 13 
16 0.7410 39 40 1.0657 22 
17 1.2111 11 41 0.9853 26 
18 1.0946 18 42 0.8237 37 
19 0.7264 41 43 1.2321 9 
20 0.7876 7 44 1.0848 20 
21 1.7397 1 45 0.7886 38 
22 1.1014 17 46 0.7102 42 
23 1.3110 4 47 0.6595 46 
24 0.7080 43 
APPENDIX 7-D 
EFFICIENCY RATINGS AND RANKINGS OF 232 "NO FERTILIZER" FARMS 
IN NORTHERN MINDANAO, CY 1972-73 
119 
Farm 
No . 
Efficiency 
Rating Rank 
Farm 
No. 
Efficiency 
Rating Rank 
Farm 
No . 
Efficiency 
Rating Rank 
1 0.6506 211 31 1.2521 60 61 1.10142 120 
2 0.7313 193 32 0.6560 210 62 2.0853 2 
3 1.2146 71 33 1.1033 100 63 2.0632 3 
4 0.3215 232 34 1.4248 26 64 0.9443 138 
5 1.4554 19 35 1.4331 23 65 0.7662 184 
6 0.7168 198 36 1.0543 110 66 0.7688 181 
7 0.6114 214 37 1.0904 104 67 0.7978 175 
8 1.1004 101 38 1.3796 37 68 0.8809 157 
9 1.1694 82 39 1.3532 41 69 0.7751 179 
10 1.4016 30 40 1.1543 86 70 1.5095 15 
11 1.4325 24 41 1.1576 85 71 1.3031 49 
12 1.2525 59 42 1.3282 45 72 0.9709 132 
13 0.8050 173 43 0.7904 176 73 1.5468 12 
14 0.5286 226 44 0.9029 152 74 1.0126 121 
15 0.8951 154 45 0.8838 156 75 1.0413 113 
16 0.6969 202 46 1.3109 48 76 1.4007 31 
17 1.2148 71 47 0.9013 153 77 0.7079 201 
18 1.5426 14 48 0.9443 137 78 0.8162 171 
19 1.0780 106 49 0.8565 161 79 0.9190 148 
20 1.2365 64 50 1.1186 96 80 0.6430 212 
21 0.4580 230 51 1.2414 61 81 0.9510 134 
22 0.8893 155 52 1.2983 51 82 0.9616 131 
23 0.8414 164 53 1.2811 53 83 0.4914 229 
24 0.5683 220 54 1,0270 116 84 1.1135 97 
25 1.1900 77 55 1.2372 63 85 0.9999 124 
26 1.7065 7 56 1.0217 118 86 0.9310 142 
27 1.1191 95 57 0.8403 166 87 0 .9255 145 
28 1.0986 102 58 0.7898 177 88 1.1712 81 
29 1.4024 29 59 1.1201 94 89 0.9075 150 
30 1.3578 40 60 1.4460 21 90 1 .3918 35 
APPENDIX 7-D (continued) 
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Farm 
No . 
Efficiency 
Rating Rank 
Farm 
No. 
Efficiency 
Rating Rank 
Farm 
No. 
Efficiency 
Rating Ran} 
91 0.9990 125 121 1.0120 122 151 0.9452 136 
92 1.2577 57 122 1.2215 68 152 1.2043 75 
93 2.0605 4 123 1.2364 65 153 1.2812 52 
94 0.9837 129 124 1.0237 117 154 0.5200 227 
95 0.6934 203 125 0.7322 191 155 0.7402 189 
96 0.8390 167 126 1.1430 88 156 0.9857 128 
97 1.1273 91 127 0.9746 130 157 0.5668 221 
98 0.8364 168 128 0.7399 190 158 0.5752 218 
99 0.7416 188 129 0.9286 143 159 0.6788 207 
100 0.9071 151 130 0.6928 204 160 1.0843 105 
101 1.3027 50 131 0.8353 169 161 1 .3950 34 
102 1.2058 62 132 1.2101 75 162 1 ,1721 80 
103 0.8634 160 133 0.7215 195 163 0.7234 194 
104 1.3618 39 134 0.5579 222 164 0.6088 215 
105 0.6342 213 135 0.7567 186 165 1.2644 56 
106 0.8483 162 136 0.7169 197 166 1 .1341 89 
107 0.7692 180 137 0.5991 216 167 1.0288 115 
108 1.2645 55 138 0.6790 206 168 0.5816 217 
109 0.7665 183 139 0.9220 146 169 1.1346 90 
110 0.9316 141 140 1.1214 93 170 1.3458 33 
111 0.7591 185 141 0.9957 126 171 0.7673 182 
112 0.5331 225 142 1.4287 25 172 1.1672 83 
113 1.5472 11 143 1.1585 84 173 0.7090 200 
114 3.0996 1 144 1.0676 108 174 1.3144 47 
115 1.4642 18 145 0.8043 174 175 1.0586 109 
116 1.4123 27 146 0 .9279 144 176 1.1043 99 
117 1.6194 9 147 0.5705 219 177 1.7992 6 
118 1.3371 44 148 1.2303 67 178 1.4026 28 
119 1.3675 38 149 0.8230 170 179 0.8807 158 
120 0.9199 147 150 0.7190 196 180 1 .4375 22 
APPENDIX 7-D (continued) 
121 
Farm 
No. 
Efficiency 
Rating Rank 
Farm 
No. 
Efficiency 
Rating Rank 
Farm 
No . 
Efficiency 
Rating Rank 
181 1.2148 70 198 0.6660 208 215 1,9258 5 
182 1.2314 66 199 1.3149 46 216 1 .2711 54 
183 1.0981 103 200 0 ,9147 149 217 1,0185 119 
184 0.7752 178 201 0.7166 199 218 1,1730 79 
185 1.0491 112 202 0.8681 159 219 1.3994 32 
186 1.3393 43 203 0,9668 133 220 0.6847 205 
187 1.2226 68 204 0.9882 127 221 0.5556 223 
188 1.0692 107 205 1,1241 92 222 1.6807 8 
189 0.9456 135 206 1.2109 74 223 1.4512 20 
190 1.2131 73 207 1,0119 123 224 0.6598 209 
191 1.3796 36 208 0.8472 163 225 0.7457 187 
192 1.0364 114 209 0.1464 87 226 1.1847 78 
193 0.8412 165 210 1,5455 13 227 1,5487 10 
194 1.1130 98 211 0.4950 228 228 1,4864 17 
195 1.0503 111 212 0,9386 139 229 1,5002 16 
196 0,9325 140 213 1.3453 42 230 0.7316 192 
197 1.2541 58 214 0.4139 231 231 
232 
0,8139 
0,5494 
172 
224 
122 
APPENDIX 7-E 
EFFICIENCY RATINGS AND RANKINGS OF 38 FERTILIZER-USING CORN FARMS 
IN SOUTHERN MINDANAO, CY 1972-73 
Farm 
No. 
Efficiency 
Rating Rank 
Farm 
No. 
Efficiency 
Rating Rank 
1 1.7232 3 20 0.7983 28 
2 0.5803 34 21 0.4973 37 
3 1.1063 18 22 1.9518 2 
4 1.3609 8 23 1 .5229 6 
5 0.6323 33 24 0.9705 22 
6 0.6899 31 25 1.6361 4 
7 1.5226 7 26 0.6923 30 
8 1.1292 16 27 0.9134 24 
9 1.0640 19 28 1.0338 20 
10 1.1264 17 29 1.1422 15 
11 0.9943 21 30 1.1478 14 
12 1.3517 9 31 0.4263 38 
13 0.8072 27 32 0.7200 29 
14 0.6811 32 33 1.3381 11 
15 0.9021 25 34 1.1855 13 
16 0.9144 23 35 1.3452 10 
17 0.8730 26 36 1.2257 12 
18 0.5729 35 37 2 .2756 1 
19 0.5098 36 38 1.6205 5 
APPENDIX 7-F 
EFFICIENCY RATINGS AND RANKINGS OF 169 "NO FERTILIZER" CORN FARMS 
IN SOUTHERN MINDANAO, CY 1972-73 
123 
Farm 
No. 
Efficiency 
Rating Rank 
Farm 
No. 
Efficiency 
Rating Rank 
Farm 
No . 
Efficiency 
Rating Rank 
1 1.4163 41 29 0.5022 158 57 1.0415 79 
2 0.5961 147 30 1.2944 57 58 1.0346 83 
3 0.6298 139 31 1.0290 84 59 1.2997 55 
4 0.5719 149 32 2.3363 5 60 0.6099 141 
5 0.5085 156 33 0.4760 160 61 1.4891 31 
6 1.3370 49 34 1.1252 73 62 0.8790 105 
7 0.8939 104 35 0.8300 114 63 1.3257 51 
8 1.1646 70 36 0.8093 115 64 0.9949 88 
9 0.4435 161 37 0.6056 145 65 1.1915 68 
10 0.9352 95 38 0.6007 146 66 1.3278 50 
11 0.8733 108 39 0.6601 134 67 1 .1967 67 
12 1.4944 30 40 0.9645 91 68 0.7002 128 
13 0.3697 168 41 1.2970 56 69 1.2163 64 
14 2.0362 10 42 0.6693 132 70 0.9341 96 
15 1.4018 42 43 0.8597 112 71 0.6490 137 
16 1.5846 26 44 1.6613 23 72 1.4561 34 
17 2 .5093 2 45 1.0363 81 73 1.6987 22 
18 2.0608 8 46 1.4393 38 74 1.8255 14 
19 1.0390 80 47 1.5642 28 75 0.3170 169 
20 1.7997 15 48 0.5074 157 76 1.2487 61 
21 1.2419 62 49 0.9564 92 77 0.9247 100 
22 1.0840 75 50 1.0546 77 78 1.1255 72 
23 1.1876 69 51 1.2156 65 79 0.6130 140 
24 0.6651 133 52 0.7785 118 80 0.6367 138 
25 1.4386 39 53 0.8494 113 81 0.9317 97 
26 1.1606 71 54 1.1141 74 82 0.5639 150 
27 0.9543 93 55 0.7443 122 83 0.5361 153 
28 0.9270 99 56 1.8393 13 84 0.7665 119 
APPENDIX 7-F (continued) 
124 
Farm Efficiency 
No, Rating Rank 
Farm Efficiency 
No. Rating Rank 
Farm Efficiency 
No. Rating Rank 
85 1.3565 47 113 0.8035 116 141 1.7533 19 
86 0.7445 121 114 1.0356 82 142 1.0795 76 
87 0.7574 120 115 2.0462 9 143 1.2292 7 
88 0.5096 154 116 2.3959 4 144 0.7302 124 
89 1.2915 58 117 1.7724 17 145 1.4798 32 
90 1.6523 25 118 1.7944 16 146 1.3593 46 
91 0.4349 164 119 1.0134 87 147 0.8750 107 
92 0.6061 144 120 1.5465 29 148 0.8619 111 
93 0.5387 151 121 0.9307 98 149 1.9925 11 
94 0.6883 129 122 1.7584 18 150 1 .4228 40 
95 0.6089 142 123 1.3998 43 151 1.0416 78 
96 1 .4417 37 124 1.3145 52 152 0.7360 123 
97 0.9034 102 125 1.2556 6 153 2 .4460 3 
98 0.4150 165 126 1.3138 53 154 1.7039 21 
99 0,5094 155 127 1.2107 66 155 1 .0260 85 
100 1.4516 36 128 0.4978 159 156 0.7890 117 
101 1.2673 59 129 0.7220 125 157 0.8662 110 
102 0.6707 131 130 1.3051 54 158 0.7017 127 
103 0.3917 167 131 1.8680 12 159 1.2669 60 
104 0.9901 89 132 1.3881 45 160 1.5741 27 
105 0.6497 136 133 0.6859 130 161 0.4099 166 
106 1.0162 86 134 0.4355 163 162 0.7073 126 
107 1.4517 35 135 0.9007 103 163 0.4585 162 
108 0.6077 143 136 1.6580 24 164 0.9659 90 
109 1.4773 33 137 1.3909 44 165 0.8763 106 
110 0.8707 109 138 0.6589 135 166 1.3402 48 
111 0.9231 101 139 0.5804 148 167 1 .2334 63 
112 0.9537 94 140 0.5387 152 168 
169 
1.7123 
3.2839 
20 
1 
